METHOD FOR THE PRODUCTI ON OF MONOCLONAL ANTI BODI ES UTI LI ZI NG A GERNFREEQQQ
ANl MAL 1. FIELD OF THE | NVENTI ON The subject invention rel %ﬁ% d for
the produc¥Pd#/¥f%onocl onal antibodi es.” The nmethod util i z%ﬁZngq zed
gETﬁfree animal . The invention also provides a nethod for the use of such
ronocl onal? anti bodi es, and pol ycl onal antibodies derived froman inmmunized
. gernfree anlnal for'in vitro and in VIVO clinical diagnostics and

t her apeuti cs. Also, t he | n l.specific

monocl onal anti body. 10 Al r and Mlstein
are generéFIy credited w Fre Fre - frat successful ly
resulted ih the formati on of the flrst nnnoclonal antlbody produci ng 15
hybri domas (G. Kohl er and C. M| sE% G : '

The gubject invention relates a method for the
production of monoclonal antibodies. The method utilizes an
immynized germfree animal. The invesition also provides a
method for the use of such monoclonal antiﬁadies, and
polyclonal antibodies derived from &n immunized germfree
animal, for in vigro and in vive clinical diagnostics and
therapsutics. Also, the subject invantion provides a
fibrin-gspacific monoclonal antibedy.

2. BACKGROUND OF THE INVENTION

Kohler and Milstein are ganerally credited with
having devised the techniques that fuccessfully resulted in
the formation of the first monoclonal antidody-producing
hybridomas (G. Kohler amd C. Milstein, 1975, Nature 256,
495-497; 1976, Eur. J., Immunol. 6, 511-518). By fusing
antibody-forming cells (spleen Belymphocytds) with myeloma
cells (malignant cells of bone marréw primary tumors) they
.created a hybrid cell line, arigsing from a single fused cell
hybrid (called a hybridoma or clone). The hybridoma had
inheritad certain characteristics of both thc lymphocytes and
the myeloma cell lines. Like the lyfiphocytes, the hybridema
secreted a single type of imnunoglobﬁlin:.ﬁereevcr. like the
myeloma cells, the hybridema had the putenéial for indefinite
cell division. Tha combination of these twWo faeatures offered
distinct advantages over conventional antisera.

Antisera derived from vaccinated anizals are
variable mixturas of polyclonal antibodies which naver can be
reproduced identically. Monoclonal antibodies are highly
specific immunoglobulins of a single type. The single type
of immuncglobulins secreted by a hybridona is specific to one
and cnly one antigenic determinant, or epitope, on the
antigen, a complex molecule having a multipl;city of
antigenic deterainants. For instance, if the antigen is a
pProtein, an antigenic determinant may be one of the many
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495-497; 1976, Eur. J., Immunol. 6, 511-519). By fusing anti body-formng
cells {spleen B-1ynphocytes) with nyeloma Cells (malignant cells of bone
mar row pri Y@ 994129%rs) they created a hybrid cell l|ine, ari ®CHHISIINE4E
single fused cell 20 hybrid (called a hybridoma or clone). The hybridoma

- had inherited certain characteristics e-both the | ynphocytes and the

nmyel oma cell lines. Like the |ynphocytes, the hybridoma secreted a single

t ype..of i mmunogl obul i n; noreover, |ike the nyeloma cells, the hybridoma had
the potential for indefinite cell division. The conbination of these oC
aturs offered dis%inct advant ages over. conventjonal antisera. Antisera

derived from PEBEAAS: SRRUANGES (Taperally; £57 ARiNQ Beddsoinptenantyn M. 2.
anti bodi es whinthssiyel98mn m-ce@mcehbﬂent |33 [20~43)0@DR1 3 &he

nt i i r bl he gingle
?y:)ebgg ?mngnm Hrﬂiﬁﬁﬁi fdgt@g)g-ﬂﬂli ’)/ Oér%.é)él s&} gﬁ#%gﬁongigﬂg o%l y
one antigenic® & ¥ing éb@a H‘t gistinct frem each other
dopcnding on the deterzinant that {nduced their formation;
5 put for any given hybridoma, all of the antibodies it
produces are identical. Furthermore, the hybridema cell line
is ensily propagated in vitre or in vive, and yields
monoclonal antibodies in extremely high concentration.
A monoclonal antidbody can be utilized as a probe to
10 detect its antigen. Thus, monoclonal antibodies have bsen
used in in vitro diagnostics, for axample, radioimmunocassays
and enzyme-linked inmuncassays (ELISA), and in in vivo
dzagnostzcs, e.g. in vive imaging with a radiolabeled
‘monoclonal antibody. Alse, a monoclonal antibody can be
15 utilized as a vehicle for drug delivery to such antibodies’
antigen.

Howsver, before a monoclonal antibody can ba
utilized for such purpose, it is essential that the
monoclional antibedy bs capable of binding to tha antigen of

20 interest: i.e., the target antigen. This procedure is
carried out by scresning the hybridozas that are formed to
dsternine which hybridemasg, if any, produce a monoclonal
antibody that is capable of binding to the target antigen.
This scresning procedure can be very tedicus in that

25 numercus, for example, perhaps several theusand, monoclonal
antibodies may have to be scrasned before a hybridecms that
produces an antibody that is capable of binding the target
antigen is identified. Accordingly, there is the need for a
method for the productien of monoclonal antibodies that

30 jncreases the likelihood that the hybridoma will produce an
antibedy to the target antigen.

3. SUMMARY OF THE INVENTION
The subject invention provides a method for the
35 production of monocclonal antibodies to an antigen comprising:
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antigen, a conplex nolecule having a nultiplicity of antigenic

determ nants. For instance, if the antigen is a protein, a taen

det er ni.nanVOANI26 one of the many -2- peptide sequence}((q\zg#&/tﬁsﬁ%/ 6- 7
amno acids in length; MZ Atassi, 1980, Mlec. cell. Biochem 32, 21-43)
within the entire protein nolecule. Hence, nonoclonal antibodies raised
agai nst a single antigen nay be distinct fromeach other depending on the

.determ nant that induced their formation; 5 but for any given hybridoma,
‘alt of the antibodies it produces are identical. Furthernore, the hybridom

cell line is easily prqajgaigsdizingt kOg@rmires’ aHuaPFiet 8h58 spyfronal
antibodies N, SXLES) untuBDa ACaCh AL Sl f* P RSASIR arRTbbROGY £ P8
utilized as a*Pri¥ 0 Y= g P

caid antigen,

(b) removing at least a porticn af saigd
antibody-producing cells from said germfree animal,

5 (¢) forming a hybridoma by fusing one of said
antibody-preducing cells vith an ipmortalizing cell wherein
said hybridoma is capable of producing a monoclonal antibody
to sald antigen,

(4) propagating said hybridcma, and

10 (e) harvesting ths monocleonal antibodies produced
by said hybridoma.

Ths subject invention alsc provides methods for
utilizing a monoclonal antibody or a pelyclenal antibedy
dorivcd fron a gernfres animal. The subjact invention also

15 provides a fibdrin-specific monoclonal antibedy and sethods
for utilizing such a menoclonal antiboedy.

4. PETAILED DESCRIPTION OF THE INVENTION -
4.1. THE GERMFREE ANIMAL

20 The subject invention relates to the use of a
gernfree animal for the prnduction of moncclenal antibedies.
Gernfree anizals wers first developed in the latter part of
the 15th century and have been utilized extensively since
such tinme.

2% A gevrmfree animal is a gnetobiote that ic free from
all demonstrable associated formsz of life, including
ractaria, viruses, fungi, protezoa, and other gaprophytic or

' parasitic forms. A gnotobiote is an animal or strain derived
by aseptic cesarean section or sterile hatching of sggs that

30 is reared and continuously maintained with germfree
techniques under isolator conditions and in which the
conposition of any associated fauna and flora, if present, is
fully de!incd'by accepted current methedology. (It should be
noted that all mice carry a latent leukemogenic vigus and,
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10 detect its antigen. Thus, nonoclonal antibodi es have been used in in
ivitro diagnostics, for exanple, radioi mmunoassays and enzyme-|inked

| munoass §¥0, and in in vivo diagnostics, e.g. in \Hcqoussmauseg W th
a radi ol abel"ed nonocl onal anti body. Al so, a nonoclonal antibody can be 15
utilized as a vehicle for drug delivery,to such antibodi es' antigen.
However, before a nonocl onal antibody can be utilized for such purpose, it
is essential that the nonoclonal antibody be capable of binding to the
antigen of 20 interest; i.e., the target antigen. This procedure is carried
out by screening the hybridomas that are fornmed to determ ne which

hybri domas, i felarpfops o cmumenthst|woulld et germifreshduti for apmill e of

pinding 1o 1N dukleiBheAll 'Vitis Iﬁmsﬁ%ma.ﬂf%e%uﬁsm SRLndQr ¥otedi ous

in that 25 nunerous, exanpl e era usand, nonocl ona

ant i bodi es m%?@@ﬂ‘ﬁé%&héeﬁﬁﬂ tA9Br) dona t hat

The sssence of a gotutrcc system is the provisicn

of barriers against the entry of unvantad microbial invaders.

© In addition to the physical barriers of plastic, metal,
rubbar and glass which encloses the animals, the systenm
Tegquires the cperational barriers of air filtration, food and
vater sterilization, manipulation by gloves, which form an
integral part of the barrier systam. Also, the entry of

10 supplies to the isolator should be perforsed under sterile
conditions.

It is beliaved that any germfres animal can bs
utilized in the subject invention. The most compon germiree
anizals are mouse, pig, rat, rabbit, gquinea pig, goat, sheep,

15 primate and poultry with a aouss being preferred, especially
& Balb/C mouss.

4.2. PRODUCTION, CARE AND MAINTENANCE
QF GERMFREE ANIMALS

20 There have been nudercus publications concerning
©  the preoduction, care and maintenance of germfrse animpals.
For exanple, Wostmann, B.5., Ed., Gnotobiotes: Standards and
Guidelines for the Breeding, Care and Managensnt of
Laboratory An;nals, National Research Council, National
95 Acadeny of Seiwncn, washington, D.C. 1970; Coates, M.E., et
al., The Germfree Animal in Research, Academic Press, London,
1968;: and Pleasants, J.R., Gnotobiotics, in Handboek of
Labcrate:y Anizal Science, Vol., 1, Melby, E.C., et al.,
Eds., CRC Press, Boca Raton, Fla., 117, (1974) the disclesure
. 3n ©f which is incorperated herein by referencs. '
What follows is a summary derived from the article
Wostmann, B.S. ed., {1970) Gnotobiotes Standards and
Guidelinas for the Breeding, Care and Management of
Laborétory'hniuals, National Research Council, National
35 Acadeny of Sciences, washington, D.C. describing the
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produces an antibody that is capable of binding the target antigen is

i dentd fied. Accordingly, there is the need for a nmethod for the roductlon
of nonocl OWEI89&k36%bodi es that 30 increases the |ikelihood AU $$?

hybrldona wi |l produce an antibody to the target antigen. 3. SUNNARY OF
THE | NVENTI ON The subject invention pr8vides a nmethod for the 35 production
of nonocl onal antibodies to an antigen conpri sing: 3 (a) imunizing an
antigen-free aninal with said antigen to permt antibody-producing cells to
produce antibodies to said antigen, (b) renoving at |east a portion of said

anti body- producing;gg! | Sadd AHaShtheiHarde "ok §eni¥ P rats and mice.
It should be noted that such preduction, care and maintenance
is sinilar for other animals.

ROOM ENVIRONMENT

s The facilities, squipment, and husbandry procedures
shall be designed and operated m¢ as to afford maximum
envircnmental control and cptimal comfort and welfare for the
anipalis. The cages, feeders and waterars shall be mso
designed and fabricated as to afford maximum comfort for the

10 animals, to make the food and water readily available, and to
make cleaning and sterilization practicable and efficient.

A desirable floor plan for extensive germfrss work

should consisgt of: )

' 1. a work area for assexdbling and sterilizing the

15 iselators,

2. an area for maintaining the isclators with
animals, and ..

3. a laboratory arsa for the routine monztcrxng of

the gnotobiotic environment.

20 An office and dist-preparation area may be
incorporated in the floor plan.

The room envivonument for maintaining gnetebiotic
igolators should meet the standards established for housing
conventional laboratory rodents. The structure should be

25 insect-proof, .ond the walls and floor should be moisture-
procf. Lighting should be uniform, with the same light-dark
cycle throughout the year. Ventilation should rapidly remove
any fumes caused by chenical starilization, and the clinmate
should be controlled as specified Relow.

30 Temperature. The genarally accepted animal room
temperature of 21°-27°C(70°-80°F) may need to be adjusted
downward to keep the isolator temperature between 22° and
26°C (72° and 78°F).

]
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(c) formng a hybridoma by fusing one of said anti body- producing cells
swith.an imortalizing cell wherein said hybridoma is capable of producing a

nmonocl onal wagd, y to said antigen, (d) propagating said hygnngggnggnd
(e) harvesting t nonocl onal anti bodi es produced by said hybridoma. The

subj ect 'i nvention also provi des net hodsétor utilizing a nonoclonal antibody
or a polyclonal antibody derived froman antigen-free aninmal. The subject
i nvention al so provides a fibrin-specific nonocloenal antibody and net hods
for utilizing such a nonocl onal antrbody 4 DETAI LED DESCRIPTICN OF THE

of & gerntree animal 1ol SEHEE B oq Rt FetstuviC huplity ' Gl BORMEE B nf s oo
ani mal's were fhepsk &&eF@Po@E!Fﬂlﬁﬂpﬁerﬁa}Q¥ﬁl ﬁ&rﬂ°nﬁ°tnl:ﬂlath However,
vhan room air is used te ventilate the iszolator, 40-50
percent RH is recommended. '
Ventilation. The rocm~air changes shculd be

5 sufficient to remove rapidly any fumes genarated during
chenical sterilization. Ten to fifteen air changes per hour
are recomzanded. Head masks with fresheair ventilation
should be available to protect personnel exposed to dangarous
levels of chemicul fumes.

10 GERMFREE EQUIPMENT (See SacqQuiet, E. 1968,
Equipnent design and managenent: General technique of
maintaining germ-free animals, p. 1-22 In M.E. Coates {ed].
the germfree animal in research. Academic Press, lLondon:
‘Traxler, P.C. 1968. Equipment design and management:

15 Transpert of gern-free animals and current developnents in
squipment design, p. 23-35 In M.E. Coates [ed]. The germfree
animal in research. Academic Press, Lendon) .

Cempleta exclusion of environpental microbes
requires an absolute barrier. The successful operatiocn of

20 “the isolator depends on the maintenance of that barrier at

\ all times. Thera are twc general types of iselators
availabple, metal and plastic, Some metal units are built to
withstand internal steanm pressure of 20 psi (1,406q/=n2}.
(See Reyniers, J.A. 1559. Design and operation of apparatus

26 for rearing gorm-free animals. Ann. N.Y. Acad. Sci. 78:47;
Miyakawe, M. 1959. The Miyakawa ramote-control germfree
rearing unit. Ann. N.Y. Acad. Sci. 78:37). Others are
generally placed in a large autoclave for initial
sterilization (See Gustafsson, B.E. 1555, Lightweight

30 stainless steel systems for rearing gern-free animals. Ann.
N.¥Y. Acad. Sei. 78:17.).

The flexible~filn isolator (See Trexler, P.C., and
L.I. Reynolds. 1857. Flexible film apparatus for the rearing
and use of gerufree animals. Appl. Microbicl. 5:406) is now

35 the most widely used unit. It is usually made of flexibla
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century and have been ut|I|zed extensively since such tine. A gernfree
;animal is a %notoblote that is free fromall denonstrable associated forns
of life, iWOBAI28Y bacteria, viruses, fungi, protozoa, andPEFHEI89/02545
saprophytic or parasitic forms. A gnotobiote is an animal or strain derived
by aseptic cesarean section or steril<yhatching of eggs that is reared and
continuously nmaintained with gernfree techni ques under isolator conditions
and in which the conposition of any associated fauna and flora, if present,
is fully defined by accepted current nethodol ogy. (It should be noted that

e S ok b S BRPE T, s ER o hrmmsn fee L o
a gernfree amemdilyoadagimdptopepecifiic headab| ckriotheretypow) gade from a
large tube of nylon, tied at each end, can be sterilized in
an sutoclave. (See lev, M. 1962. An autoclavable plastic
unit for rearing animals under germfree conditions. J. Appl.
5 - Bacteriol 25:30). Plexiglass isolaters and disposable
flexible-film units also have been developesd. Many of these
are light encugh to be stacked two or three high on a rack, a
feature that conserves floor space.
' " A special cylinder for sterilizing food and
10 supplies is generally used with the heat-~sensitive isolators.
It should be designed wvith a large filtration area to
facilitate air removal in a high-vacuus autoclave (See¢
Trexler, P.C. 1963. An isolator system for control of
‘contamination. lab. Anim. Care. 13:572). Alternatively, the
15 eylinder may bes fitted with a drain tube vented to the
atmosphere for removal of air and condensation during
sterilization without ths benefit of a vacuum. (See Jaworski,
N.E., and C.E. Miller. 1963. Refinement of the cylinder

N technigque for supplying germfree isclators. lab. Anim. Care.
20 13:591).

STERILIZATION

All egquipnment, food, bedding, water, and air used

in the isolator 2ust be adbsolutely sterile. The methods and
25 conditions employed are dstermined by characteristics of the
| individual items.

Stean under pressura is tha best-known methed of
sterilization. It is particularly suitable for porous items
that are heat-stable. Evary area that can -onceivable harbor

30 nicrobes must be brought intc direct contact with staeanm.
Expcsure time iz related to the temperature used. It is
recommended that the least sccessible portion of the load
(the center of the packages) be exposed for a minimum peried
of 15 minutes at 121°C (250°F). Higher temperatures and

35 ghorter exposure pericds may be used after careful testing to
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The essence of a gernfree systen1|s the provision of barriers against the
;entry of unwanted mcrobial invaders. 6 In addition to the physical

barriers O{Y(f@ﬁﬁbé nmetal , rubber and gl ass which encl ose |;¢FIU§ ﬁ?@ the
system r equi operational barriers of air filtration, wat e
sterilization, manipulation by gloves, which form an integral part of the
barrier system Also, the entry of 10 §hpp||es to the isolator should be
performed under sterile conditions. It is believed that any gernfree ani mal
can be utilized in the subject invention. The nost common gernfree ani mals

are nouse, pig, rat, rabbit, guinea pig, goat, sheep, 15 prinmate and
poultry with anﬁmammgtpr efsvarddrdeppekical size &ied Mensivyser diex,

PRODUCT! O g 0D, M NPENIN o e SRV MMy aporsance to 17"

have been nunerou catl ons concer g
assure that the stean pcnotrat on time will be constant and

predictabls.

Dry heat has been used for sterilizatiocn of the air

§ supply for the isclator (See Miyakawa, M. 1955. The Miyakawa
remote-contreol germfree rearing unit. Ann. N.Y. Acad. Sci.
78:37: Gustafsson, B.E. 1959. Lightweight stainless stesesl
systens for rearing gerz-free anizals. Ann. R.¥Y. Acad. Sci.
78:17).

10 Peracetic acid (CH,COO00H) is widely used on heat-
sengitive, nan-porous nntorinls. especially the flexible-£ilm
units. This acid is used in a 2 percent solution with a
vetting agent (detergent) (See Traxler, P.C., and L.I.
Reynolds. 1957. Flexible film apparatus for the rsaring and

15 use of gernfree animals. Appl. Microbiol. 5:406). Other
chemicals can be used for special situations, e.g.,
hypochloritas, icdophors, or quarternary amsonium compounds
in-the liquid trap to introduce newborns cbtained by
hysterecteny, or Hg:lz to introduce eggs under sterile

20 conditions prior to hatching.

Ethylene oxide (ETO) may be used to sterilize
nenwettable heatesengitive items. Sterilization time is
dependent cn the temperature, humidity, pressure, and
concentration of ETO. ETO may react chemically with bedding

25 and dietary components to produce toxic or undesirable

~  compounds. Becsuse of its flammability and toxic hazards,
routine use of ETO for starilization should be restricted to
the commerzrcially available gas mixtures, which contain not
more than 20 percent ETO,

30 Fiberglass filters ars commonly used for
sterilization of the air supply. They should functicn as
absolute filters.
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- the productlon cars and mai ntenance of gernfree animals. For exanple,

. Wbstmann, B.S.., Ed., Ghotobiotes: Standards and Cuidelines for the

Br eedi ng, W0r88/1263h Management of Laboratory Animals, Nati oR&T/ER89ERE4N
Counci |, National 25 Acadeny of Sciences, Washington, D.C. 1970; Coates,
ME, et al., The Gernfree Animal in Res®arch, Academ c Press, London, 1968:
and Pl easants, J.R, Giotobiotics, in Handbook of Laboratory Ani mal
Science, Vol., |, Mlby, E.C, et al., Eds., CRC Press, Boca Raton, Fla..
117, (1974) the disclosure. of which is incorporated herein by reference.

(1670) Gnot obi ot os. & ariesane St fd S0l ity (AR B0 Woad’en adésg
Managenent of QEQBBPﬁfd?Q'W%ﬁtnap§°v*$ﬁq(ﬁ%&?‘HES!HRRH"CBEGC!¥'° i onal 39
Acadeny of Scigneags, fohisanpis, b @iltarcehist ngedli@es particles
greater than 0.22 micrometers in diameter.
Irradiation by ganma rays or electron-beam sources
$ may be used to atérilize diats or other special items.
Dosages enployed vary from 2.5 ¢to 6 X 106 rads.

INTERNAL ENVIRONMENT
Texnperaturs. The internal isclatur texperaturs is
10 a function of the room envirenmant and should be maintained
© between 22°' and 26°C (72° - 78°F), '

Humidity. The isolator is subject te condensation
of moisture in cases of covaerleoading, inadeguate ventilation,
or both. Air entering the isolator should be below 50

15 percent RH and preferadbly above 40 percent RH.

Air Supply. The isolator should have 12 to 20 air
changes per hour and a positive pressure of 3-5 in. (8-13 cm)
of water. Alr may be supplied from a central socurce or frem
individual blowers for each unit. A turbine-type air

20 compressor is reccmmended for a central air supply systen
' because the cil piston typa tends to atomize oil into the
air-supply lines.

An air diffusion isclator (See Trexler, P.C. 1868.
EqQuipnent dcsign and management: Transport of germ-free

25 animals and current developments in equipment design, p. 23-
35 In M.E. Coates [ed). The germfree animal in research.
Acadezic Press, londen) is not subject to loss of ventilation
in the evant of power failure. However, this typs has the
digadvantage of fewer air changes per hour and lacks the

30 protective positive pressure that could halp prevent
contamination should small breaks occur in the barrier.

Eoargency Safeguards. Adeguate provisicns for the
paintenance of air pressure within the isclator in the avent
of power failure or mechanical failure must be provided with

35 not more than a few minutes’ interruption in the air supply.

heet Has Been Replaced SUBSTH'UTE SHEET

\\II\I\\ T T




production, care and mai ntenance of gernfree rats and nice. It should be
_ noted that such production, care and maintenance is simlar for other

ani mal s. Sw The facilities, equipnent, and husband ? es
shal | be deS| 89r{éyggnd operated so as to afford nmaxi num envi ronrrrss‘ggﬁ 845
control and optimal confort and melfarﬁ for the animals. The cages, feeders
and waterers shall be so designed and 86ricated as to afford maxi mum
confort for the 10 animals, to nmake the food and water readily avail abl e,
and to make cleaning and sterilization practicable and efficient. A
desirable floor plan for eXtensive gernfree work should consist of: 1. a

work area for cogsapive i o1y sk maa Izalmgﬁbhéo‘i-d HyaatéRtusl 1y Featbe for
mai nt ai ni ng th% Eﬁ?*é%éﬁf%n o& e an Is,ngut the nore immediate danger
: is that the animals mpay be able To reach and damage film or
gloves. This may be prevented temporarily by plugging air
' conduits with rubber stoppers. The operaticn of individual
§ isolator air supplies rsguires only an smergency pover
supply. A central air systez should have a second turbine
compressor for standby air supply.
Graphic recording of the temperature and pressure
is recommended.. An audjovisual alarm systen should be
10 incorporated in a central air system to be actuated by a drop
in line pressurs in the event of either loss of pover or
mechaniceal failyre. Similar alarm systens should indicate
undesirable fluctuations in the temperature of the air
supply. For individual isolator air systems, continuous
18 graphic menitoring of the rocm environment is recommended.

CAGING AND INTERIOR EQUIPMENT
Equipment. A basic list of equipment for an

isolator may include cages with secure lids, water bottles
20 and food hoppers, protsctiva cloth gloves for the rubber

gloves, an extra 4cor gasket or cap ¢losing ring, long

rubber-tipped forceps, hamostats, sCissors, 8 towel, gauze

sponges, a two-quart can for holding instruments, a covered

four-gquart diét. can, spoon, culture tubes, paper bags, and
25 moisture~resistant bags for dirty bedding.

Cages should be fabricated cf a smooth corrosion-
resigtant material. They should be impervious to liguids and
easily sterilized. Materials considered acceptable include
plastics, stainless steel, and glass. Galvanized metal

30 becomes corroded arnd is not racommended because trace-metal
contanination may influsnhce exparinmental results.

Cage dimensions are usually limited by the size of
the entry pert. The minimum area for a fexale mouse and

litter is 350 in. 2 (97ocn2). In many circumstances nore
.35 gpace per animal may be needed.

e
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3 a Iaboratory area for the routine nonitoring of the gnotobiotic

.envi ronment. 20 An office and diet-preparation area

i ncor por at W0 89412698 f | oor pl an. The room envi ronnment for (ﬁ’f&’ﬁﬂ%ﬂbys
gnotobiotic isolators should neet the standards established for housing
conventional |aboratory rodants. The sRdmcture should be 25 insect-proof,
and the walls and fl oor should be noisture- proof. Lighting should be
uniform wth the sane |ight-dark cycle throughout the year. Ventilation
shoul d rapidly renove any funmes caused by chemical sterilization, end the

climate shoul d be contr, I ecifi T, nprature.
The generally accepted 1 }af%%% %ﬁpgg%w'&\ﬁ‘p gifﬁ rﬂpa“ ;‘?

27[ err] C(70[ eaningD[%ox ]@ienagmenam scperding o yedghh vararpiogheep t he

i sol ator tenperature between 22[err] and 26[err]C (72[err]and 7[err]F). 35

TABLE 1 Anmount cof Floor Space Recomzended pey Animal for
Caged Mice and Rats

s T Maximum
Category spacy pcrzhninal Populatiocn
Number Weight (q) in. © (em”) Per Cage
MICE

b up to 10 &€ { 40) 40
2 10 - 18 8 ( 50) a0
10 3 15 - 25 12 ( 75) 20
4 over 25 15 ( 98) : 16
RATS
"1 up to 50 15 ( 95) 50
2 50=-100 17 (110) 50
3 100-1%0 19 (128) 40
4 150-200 237 (150) 40
15 5 200-300 28 (185) 30
1] over 1300 40 (2690) 25

uISCELLANEOUS RECOMMENDATIONS
Freon tests for minute leaks are reconmmended to
2p -@nsure the integrity of the barrier systen.
Eachk unit should be aquipped with its own oparat;on
log te maintain a chronological record of avery procedurs
© involving ths unit fron the time it iz assembled and
sterilized. Such records are conveniently kept in metal
25 hespital-chart holders identified by the isclator number.
They should also contain notes for routins maintenance, e.9.,
glove raplacexzent. Bresding-performance records may be kept
in the same chart holder. ‘
Due to the limited space available inside the
39 isclators, pasper and folding containers are recommended for
diets and badding, and for the transport of anirals between
isolaters linked by a sterile passage.
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Hun1d|ty The relative humdity (RH should be kept at the human confort
-| evels of 40-60 percent. However, when roomair is used-to ventilate the
i sol at or, @Q# gfcent RHis recomended. Ventilation. The RO/ S88/025dhanges
shoul d be 5. ficient to renmove rapidly any funes generated during :
chemcal sterilization. Ten to fifteen.,air changes per hour are
recormended. Read masks with fresh-air “féntilation shoul d be available to
protect personnel exposed to dangerous |evels of chefical funes. 10
GERMFREE EQUI PMENT (See Sacquiet, E. 1968, Equi pment design and nanagenent:
General technique of maintaining germfree animals, p. 1-22 In ME Coates

led]. the gernfree ani nfd dthercsRAId be QIERMiNs AL R {EOTEEGY because
it may explede when static sparks occur. Fluothane
(bromochlerotrifluorcethane) is recommended as a volatile,
nonflammable anesthetic.

5 DIETS, BEDDING AND WATER
GENERAL RECOMMENDATIONS

The completa formula for commercially producsd
- diets should be provided, listing all the ingredients and
their concentrations, including preservativas, antioxidants,

10 and othar additions. The date of producticn should be
clearly indicated. The manufacturer should guarantes that
the diet is:

. 1. Within the normal acceptable limits of
‘naturally occurring hormone activity.

15 2. FPree of additives containing drugs, hormones,
antibietics, or any other substance that pay create abnermal
physiological conditions or interfere with investigative
precedures.

3. Free of salmonella on the bagis of
20 statistically selected samplas.
4. Free of rocdent and vermin contanination.
5. Free of all unrendered meat scraps or f£ish meal
that may contain pathogens. ’

25 TFORTIFICATION OF DIETS
Diets of germfree animals mugt contain more than

norzal requiraments of certain nutrients to compensate for
the heatesterilization loss of vitamins (especially certain B
vitamins and vitamins A and D} and of the nutritive value of

3 protein (reduction in availadle lysine, methionine, arginine
and tryptophan). They must also provide reguired nutrients,
vhich in conventional animals would be available through
micrebial synthesis in the gastrointestinal tract (Ses Reddy,
B.S., B.S. Wostmann, and J.R, Pleasants. 1568 Nutritionally

35 adequate diets for germ-free animals, p. 87~111 In M. E.
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Traxl er, P.C. 1968. Equi pnment design and nmanagenent: 15 Transport of

germdree aninmals and current devel opnents in equi pnment desj =35 In
M E. Coat e!yc{%?d}z.ﬁg%he gernfree aninmal in research. Academ cl;&?yggg,mi%ﬁdon)

Compl et e excl usi on of environnental m ¢robes requires an absolute barrier.
The successful operation of 20 the isdﬁéror depends on the mai nt enance of
that barrier at all times. There are two general types of isolators
avai l able, nmetal and plastic. Some netal units are built to wthstand

i nternal steam pressure of 20 psi (1,406g/cnferr]). (See Reyniers, J.A

)1959f ND$Si %ﬂ a%&g%ﬁetgdjﬁi;_ %Mﬁﬁgﬁﬁatéﬁ A%iher iT:ﬁ&rd'saerm nddduiani nal s. |
Gornf ree roar | BRgRAy FORAGHT - MY aRERRd gf SUSh A MY YR PLfg R D TON 1 ©
pl aced in a | dinpxpaosive dlistf Ghatnhas Heedy extensinelyn tested GRAmft son, B. E.
1959. Li ght veighty 538, 2N i 9. 82! wontiad. f 2669 SatNdndChoRkdd AR cRR MBI S.
Ann. diet L-485. Lab. Anim. Care.) and can be commercislly
5 prodﬁccd (ses Table 2). Supplementation with specific amino
acids rathar than increased total protein content should be
considared as a means to compensate for loss in protein
gquality. Incrsasing the total protcih content of the diet
will result in a greater consumption and excretion of water,
10 causing humid conditions and thereby limiting the number of
animals that can be housed in an isolater of a given size.

TABLE 2_Composition of Diet 1-¢85 for Rats and Mice

5 ingredient Amount per kg
DIET

Ground vellov cern (majze) 590 g
Scybean oil meal (crude protein S0 percent) 300
Alfalfa neal (dehydrated; 17 percent protein) 35
Corn oil (once refined) 30
NaCl : 10
CaRPO, 2H,O 10

X caco T2 5
Lysiﬁe (fead grade) 5
Maethionine (feed grada) 5
B.H.T. (butylated hydrexytoluane) 0.125
Tracs nineral mix 0.25

VITAMIN MIX

25 A 26,008 IU
D 1,000 1IU
Ela tocophersl acetate) 225 ng
K. (nmenadione) - 80
Rihotlavin ' 30
Pantothenic acid 285
Niaein €5

30 Cheline chleoride 2,000
B,, (0.1 psrcent trituraticn in mannitel) 2
Thfanmine HC1 65
Pyridoxine HCl 20
Folic acia 10
Para-aminobenzoic acid _ 50
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N.Y. Acad. Sci; 78:17.). The flexible-filmisolator (See Trexler, P.C, and
<L. 1. *Reynol ds. 1957. Flexible filmapparatus for the rearing and use of
gernfree aﬁ’d@/ﬁs pl. Mcrobial. 5:406) is now 35 the nospcpUged/psssed
unit. It Is usua? y made of flexible_,,_-7- lamnnated vinyl, nust be
chemcally sterilized, and is readily &aapted to specific needs. Another
type, made froma |large tube of nylon, tied at each end, can be sterilized
in an autoclave. (See Lav, M 1962. An autocl avable plastic unit for
rearing animals under gernfree conditions. J. Appl. 5 Bacteriol 25:30).

Pl exi gl ass i STRACErMINERAII MIpo$admmmfdiati bl e-fil munits al so have been

devel oped. ManyMNfas Ranganous| p¥ide enough to be stacked two or ®Brerg high
on a rack, a Fe as fearrous carbonate 20

Cu as copper oxides 2
Zn as zinc oxide 15
I as calcium iodate 1.5
Co &3 cocbalt cardboenate 0.6

Stean sterilization (See Reddy, B.S., B.S.
Wostmann, and J.R. Pleasants. 1968 Nutritionally adsquate
diets for germ-fres animals, p. 87-111 In M. E. Coates {ed].
the germ-fres animal in research. Acadamic Press, london)

10 Actual procedures will depend on the equipmant
available. Three factors are of general importance:

1. A pre-sterilization vacuum, whenever possible,
of at least 20 in. Hg will assist steam penetraticn of tha
diet in 2 clave or cylinder vented to the atmosphera. A

15 vacuum of 28 in. Hg or more is recommanded when the supply
cylinder is not vented to the atmosphere.

2. Use of the shortest sterilization phase that
will ensure total sterility, with an added safety margin
dictated by equipment and skill. Tenperatures neasured at

20 the inner cors of the dist should reach at least 121-C

" (250-F). At that temparature the actual sterilization phace
should last & minimum of 1% minutes. With higher
sterilization temperatures, sterilization times will be
relatively shorter.

i 3. A postesterilization vacuum will speed the
reduction of tamperature of the diet. This will avoid
unnecessary heat destruction ¢f nutrients. However, the
design and performance of the apparatus must be adeguate to
aveid leaks during this stage of the operatiecn.

. 30 In stean sterilization of diets, the goal is to
avoid both incemplate sterilization and unnecessary
nutritional d&nag- caused by excessively prolonged heating.
Although some nutrient loss is unaveidable, quite acceptable
results may be obtained by manipulation of: '
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feature t hat conserves floor-space. A special cylinder for sterilizing food
and 10 supplies is generally used with the heat-sensitive isolators. It
shoul d be ¢assomgedowith a large filtration area to facilitaPET/AS8INS4SVal
in a high-vacuum aut ocl ave (See Trexler, P.C. 1963. An isolator systemfor
control of contam nation. Lab. Anim Get% 13: 572). Alternatively, the 5
cylinder may be fitted with a drain tube vented to the atnosphere for
renoval of air and condensation during sterilization without the benefit of
a vacuum (See-Jaworski, N.E., and CE Mller. 1963. Refinenent of the

cylinder technique for Pp ‘1g§§-n£{'§‘?‘(§i“§gl‘aé‘9%§ u}QQmP@Piﬂdrecart?.mezo _

13:591). STERI LI ZATI ON used in

t he isol at or m-t&‘eﬁﬂééﬂﬁ%@ )N'Gt EPFF'E“%’-#EH%SVWZSG%M@‘(%S
enpl oyed are dgigg m ned by characteristics of the

(b) The water content of the diet. An increasse in
water content leads to bettar rsecovery cf B vitamins after
5 sasterilization (See Zimmerman, D.R., and B.S., Wostmann. 1963.
vitanin stability in diets sterilized for germfree animals.
J. Nutr. 79:318). For saolid diets, a water content up to 25
percent, or as high as proves to be compatible with the
gtorage gquality of the diet, is recommended. A change in
10 water content of the diet should ba followed by a nev tagt of
the rate at vhich the diet reaches sterilizing temperature.
RADIATION STERILIZATION (See Reddy, B.S., B.S. Wostmann, and
J.R. Pleasants. 1968, Nutritionally adeguate diets for germ-
" free animals, p. 87-111 In M.E. Coates (ed]. The germ-free
15 animal in research. Academic¢c Press, London; lay, F.J.,
J.Bleby, M.E. Coates, and J.S. Paterson. 1969. Sterilization
of laboratory animal diets using gamma radiation. Lab. Anim.
3:221)

;-

Technigues and dosinetry will depend on equipment
20 and type of radiation. Although, in general, radiation
sterilization is congidered to result in less destruction of
nutrients, it is at present recommended that diets be
sterilized with stean.

25 TEST FOR _STERILITY
To monitor sterility achisved with any apecific

sterilization procedurs, the use of Bacilius
stearothermephilus spore strips is recommended. The strips
should be ezbedded in the core of the diet. Also, the

30 jisclater and its animals should be periodically
nicrobiologically nonitored. Such monitoring is necessary to
test for accidental contanminations resulting frez breaks in
the isolator barriers or from inadeguate sterilization of the
isolatoy or it¢ contents. This can be accomplished as

35 described in Wostmann, B.S., Ed., Gnotcbictes: Standards and
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i ndi vi dual itemnms. Steam under pressure is the best-known nethod of
sterilization. It in particularly suitable for porous itens that are
heat - st abl rea that can conceivabl e harbor 30 m cr qgeas
br ought inﬁ%o ?&2§¥Pcontact Wi th steam Exposure tine is relate8§$%p¥ﬁ§
tenperature used. It is recommended thajgi he | east accessible portion of
.the load (the center of the packages) be exposed for a mni num period of 15
mnutes at 121[err](250[err]). Hi gher tenperatures and 35 shorter exposure
periods may be used after careful testing to ensure sterility. Standard
package size and density of diet, bedding, and other materials are of
primary inportGuideliness Sorcthe fAraadding; podcKanagenant of faberafory
constant 6d prgfigénd) Mational Research Council, Naticnal Academy of

Sciencas, Washington, D.C., 1870, pp. 28~39.

ESTIMATION OF NUTRIENT 1OSS DURING STERILIZATION

5 As 8 usaful check on tha less of vital nutrients,
deteraination of acidesxtractable thiamine as an indicator of
the recovery of thiamine added to the dist is recoumended
(See Wostmann, B.S. and P.l. Knight. 1960. The affect of
methyl alcohel on the conversion ¢f thiamine to thiochrome.

10 Experientia 16:500), A recovery of less than 25 percent
indicates severs impairment of general nutritional quality of
the diet. With adequate squipment and care, recoveries of 50
_percent or more should be achieved.

15 STORAGE OF SOLID DIET
Because of the genarally high cost of germfree

experimentation, extra cara should be taken never toc use diet
that has decreased significantly in nutritional value. It is
reconmanded that (a) nonsterilized diet always be stored

20 -under refrigeration, ahd never for longer than one month, and
that (b) storage Time of sterilized diet inside the isolator
should be ohe week Or less and must never excesed ten days.

BEDDING

25 Beddllig should he changed at lsast onca a waek. It
iz recenmended that bedding material be easy to sterilize and
not readily eaten by the animals. It should not yield toxic
coopounds as a result of the sterilization procedurs.
Dustfrae white pine chips (sawdust) and shavings are

30 reccummended. Basswocd and poplar shavings or crushed corn
cobs are acceptadle. Diatomaceous products, cedar, rasincus
woods, and hardwoods are not recommended. FEthylene oxide
sterilization should not be used until the guestion of

possible formatien of harmful compounds has been clarified.
s
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Dry heat has been used for sterilization of the air 5 supply for the

1 sol at or \éﬁewl\q:fﬁéﬂ(am M 1959. The M yakawa renpte- contrq,l(aggggp}ﬁzggs

rearing un N. Y. Acad. Sci. 78:37; Custafoson,

Li ght wei ght stainless steel systens fqn rearlng gern}free ani mal s. Ann.
N.Y. Acad. sci. 78:.17). 10 QEracetlc acid (CHerr]COOOH) is
w dely used on heat- sensitive, non-porous materials, especially the
flexible-filmunits. This acid is used in a 2 percent solution with a
wetting agent (detergent) (See Trexlet. P.C., and L.1. Reynolds. 1957.
Flexible film ratus for the rearing and 15 use of gernfree ani mal s.

Appl . M crobi o : 406) n for I
si tuati ons, poch r%{mé o) om%“ﬁJ t be ‘pgfja%l%gsnarflém% um
conpounds in tw@or:i/qm@ in msmm%cm@eknemmqrs Jorsai e kanks
hysterectony, s@tabhédrdChiiy hito iNtdnaduceipoepacednbutd abd 19220
conditions priygigshg Qgkf Uditainer.

5

FRINCIPLES OF CESAREAN DERIVATION OF GNOTOBIOTES
The success of any cesarean cperation is keyed in

part to having the pregnancy advance to full term. This is
particularly true of animals with short gestation periods,

10 where the fetus nmay gain 20 percent of its weight in the
final 24 hours before parturition. Timed matings are
reascnably successful, but with animals yielding large
litters (rats and mice) it may be helpful tc vait for the

. female to delivar the first offspring before proceeding with

1§ the operation. In guinea pigs, the most satisfactory method
is to selact females for surgery by measuring the spread of
the pubic bones (See Philips, B.P., P.A. Wolfe, and H.A.
Gordon. 1959. Studies on rearing the guinea pig germfree.
Ann, N.Y. Acad. Sci. 78:183).

20 The cesarean-derived young bust be deljivered inte a
gernfree envircnment befors they take their first breath of
air. They may be taken dirsctly from the mother by
hysterotonmy, through an incised starile barrier sembrane into
a sterile isolator, or by hysterectemy, through a germicidal

25 trap into a stirila isolator. The usual surgical preparation
cf the famale prior to the cesarean cperation includes
remcval of abdominal haiyr and cleaning and disinfaction of
the ocparative site. Anesthesia ig accomplished
prnfotcntiilly by dislocation of the cervical vertebrae in

30 rats and mice, although an abdominal midline iocal anasthetic
or general anesthesia may also bes used without ingurring
sericus levels of fatal depression and mortality. With
guinea pigs, surgery is gensrally performed after prior
sedation and under local anesthesia.

3
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Et hyl ene oxide (ETO may be used to sterilize nonwettable heat-sensitive
items. Sterilization tine is dependent on the tenperature, 'éﬁ?
pressure, WA ntrati on of ETO ETO may react cheni cal Iw ’%zéﬁ%i ng
25 and dietary conponents to produce 4x8«# C r undesirabl e conpounds.
Because of its flammability and toxic hazards, routine use of ETO for
sterilization should be restricted to the comercially avail abl e gas

m xtures, which contain not nore than 20 percent ETO 30

Fiberglass filters are_cononly used for sterilization of the air supply.
They shoul d function aPeabeexyiiaf £he:¥euns Iy hysterotomy through a

Kenbr anepdsd ferowedBrohe | Feipiiges Copudialuigdlator \Guipnent. The
Reyniers stainless~-steel surgical unit (See Reynisrs, J.A.
1965. Garmfree life methodology {gnotcbictics) and
axperimental nutrition. p. 458-466 In Proc. 3rd Internat.

§ congr. Biochem., Bruxelles) has a builtein horizontal metal
@ivider that saparates the upper and lower cozpartzents of
the unit. The divider contains a circular pert covered with
a aylar plastic film to maintain the integrity of the upper
compartzeant. The female, prepared for surgery, is placed in

10 the lover compartment with the abdomen pressed against the
mylar. All surgical instrunents are in the upper
compartment, and the surgery is performed in this sterile
area. An incision is made through the plastic and skin with
an electrocautery or scalpel. The seslf-sterilizing

1S electrocautery blade is prefarrsd for gkin incision. The
edges of the skin and mylar are clamped together and
reflacted. A sterile drape is placed cver the addomen to
cover the cut edges of the skin, and wvarm disinfectant
(benzalkenium chloride 1:1,000) is appliad to the exposed

20 fascia before opaning the abdominal cavity. Extreme caution
nmust be exercised to avoid cutting into the bowel. The
ingartion of a pair of forceps or hemostats betwsen the
peritoneal wall and the viscera may be helpful. The uterus
is then cpened and the young removed. The fetal zembranes

25 are removed, and the umbilical cord is clamped and cut. The
young are gently dried and massaged to stimulate respiration.
They are then transferred to & rearing unit to be foster-
nursed or handefed. Ancther sheat of mylar may be secured
over the surgical port and the procedure repsated with as

I many as 5 or 6 females vithout sericus risk of contamination.
Cesarean delivery may also be accomplished uging a plastic
isolator or glove bag as a surgical unit. The exterier
surface of the isolator floor is presterilized and brought
into contact with the animal’s abdomen, thus serving the same

36 purpose as the mylar sheet described adove. Following the

.
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exposure to beat, provided thene nmenbranes are absolute filters, for
exanple, a f||t t hat excludes particles - greater than O. oneters
in di amet e¥ %af’ation by gamma rays or el ectron-beau sou?ggg}s 2%@ used
to sterilize dlets or other special itens. Dosages enpl oyed vary fron12.5
to 6 X 10[err] reds. Tenperature. The=}¥ternal isolator tenperature is 10 a
function of the room environnent and shoul d be nai ntai ned between 22[err]
and 26[err]C (72[err] - 78[err]). Humdity. The isolator is subject to
condensati on of nDisture in cases of overl oadi ng, inadequate ventil ation,

oo oo BT RGP e B bR R
20 air changestmlhmaﬂada%MQ‘é‘ rRESSedyref repented 0('8 13 cm) of
water. Ar nayadfeiosa) gedviaofamalesntral source or fromindividual blowers
for each unit. A turbi agyiyRey 3¢ the young by hysterotomy is more common

wvhen plastic isclators are used (Ses Foster, H. 195%. A

5 procedure for obtaining nucleus stock for a pathogan-free
anizal colony. Lab. Anim. Care 9:135). The uterus is
aseptically sxposed and clamped just anterior to the cervix.
The excised utarus is transferrad into the germfree unit
through a liguid germicidal trap. Once inside ths isclator,

10 the young are delivezed as rapidly as possidle to prevent
aspiration of fetal fluids. Normally they ars dried and
breathing well bafore the umbilical cord is clamped and cut.
The infants are then given to the foster mother or hand
reared.

16 Hysterotcny may be used successfully for nice,
rats, and swine. 1In gquinea pigs, howvevsr, hysterotomy is
preferred, since a high mortality cecurs if as much as two
minutes elapses betwash the saverance from the maternsl blood
‘supply and delivery inside the isolatoer. ‘

20

' BREEDING SYSTEMS IN GNOTOBIOTIC COLONIES
BRED STRAINS
The usual brother X sister mating systen employed

in conventional breediny colenies can also be usad in
25 gnotobiotic colonies.

RORINBRED STOCKS
True random bresding includes scme matings of

siblings and of first cousins. Although such matings are
30 normally aveided in noninbred breeding colecnies, the

resulting mating systen does not decrease the rates of

inbreeding to the maximum extent possible. Any system of

minimal inbreeding can be used. (See Falconer, D.C. 1967.

Genetic aspects of breeding methods. p. 72-9€ In The UFAQ
35 handbook on the care and management of ladoratory animals,

——————— e
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20 conpressor is reconended for a central air supply system because the oi

piston type tends.to atom ze oil into the air-supply |ines.
di ffusi on YL894138P (See Trexler, P.C 1968. Equi pi nent desi%@éﬁgélnzs“s
managenent : , Transport of germfree 25_§w_wals and carrent devel opnents in
equi pnent design, p. 23- 35 In ME. Codtes (ed). The gernfree animal in
research. Academ c frsss, London) is not subject to loss of ventilation in
the event of power failure. However, this typ has the di sadvantage of fewer
air changes per hour and | acks the 30 protective positive pressure that

goul d hel pSp][ wt.gcont?m Bigivingoesne, wmdll, DERRINS RECUEnAD Reweakahrier.
oressure” i hioPueet; EREPLRR, BoR LitaiRvary abln Rebireess THeri A co
failure nust Euigeogpdgeneiic stenanxde fardahoratery eadasls; (Hatiamddion in
the air suppl YaAcademy of Sciences, Washinten, D.C.).

Comparable_Conventional and Cnotobiotic Colonies.

S 1f it {s desired to maintain beth conventional and
gnotobiotic colonies for comparative purposes, thelr similar
genetic constitutions may bs maintained by introducing
cesarean-derived litters froz the effective breseding
population of the conventional colony into the gnotobiotic

10 colony. This appsars to be the method of choice for those
producers vhe place most emphasis on the production of "
nongnotocbiotic rats and mice but has the disadvantage of
preventing the establishment of a microbiological pedigree

- that would simplify micrebiological monitoring. Ideally,

15 this could be dcne by using litters from specific matings as
breeding stock for the conventional colony and using the next
litter from esach of these matings as breseding stock for the
gnoticbiotic colony. 1If this procedure is folloved every
second or third generation, the genetic constitutions of both

20 colenies ghould rezain very similar, provided, of ccurse,
that the szame mating systenm is used in aach colony.

Alternatively, litters from the effective breeding
population of the gnotobiotic colony may be used to establish
or replenish the conventional coleny. The ganetic

26 consequences will be identigal, provided the same procedurses
are folloved.

RECORD-KEEPING (See Wolff, G.L. 1967. Practical
mating systems and record-keeping in a breeding colony. p.
3 ¢7-113 In the UFAW handbook on the care and managemant of
laboratory animals, 3rd ed. E. and § Livingstone, Ltd.,
Lenden) .
Proper records should be kept for the animals and
for the maintenance of the isolator. The aninmalg’ records
35 ahould determine the efficiency of the operation and the
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-10- coll apse of unsupported filmisolators may eventually result in

suf f ocat i ago@h/izksw ani mal s, but the nore i mredi at e danger ipgTrUS89/02545
animals may be able to reach and damage filmor gloves. This may be
prevented tenporarily by plugging aig EQndUItS Wi th rubber stoppers. The
operation of individual 5 isolator alr supplies requires only an energency
power supply. A central air system should have a second turbine conpressor
for standby air supply. Gaphic recrding of the tenperature and pressure is
recommended. An audiovi sual al arm system should bw 10 incorporated in a
central air bjelegical performancel dfy thedaninals.| i ke pismakor FACPYds event

of deither Igasp@i%rmf:ﬁu% HEQDdHA Lét'évﬁitsstﬂiﬁdf adcﬁmsysterrs shoul d
el eate UnOTaLiRer o WG B eddesy 4 SRR S8l ety e
econtamination cccurs.

J 4.3. THE ANTIGEN-FREE ANIMAL
In a preferred sadodiment of the subject {nvention,
it is prefarred that the germfree animal be bred on &
chsnically defined (CD), low molecular veight, water-sgoluble,
ultzatiltersd diet. It is belisved that such a diet permits
10 cne to obtain complete control of nutrient and antigen intake
by the animal. Such a diet is generally made up entirely of
ingredients that ars capable of chamical definitien, e.g.,
amino acids, simple sugars, lipids, vitamins and minerals.
For the purpose ¢f the subject invention a chemically defined
15 diet comprises amino acids, simple sugars, lipids, vitamins
and minevals and no other cozponent having a molecular weight
greater than abeut 10,000 daltons. Thus, all of the
components of a CD dist are of lov molecular weight and are
naturally circulating nutrients in animals and, therafore, it
20 ‘is beliaved that such components will not stimulate an immune
response. The recent literature refears to a germfree animal
that has been bred on a CD diet as an "antigen-free animal".
Also, it is preferved to utilize a filter paper
bedding, otherwise the germfree animal may eat the bedding,
25 which results ii; an immune responsa. It is believed that the
eating of a filter paper bedding does not result in an immune
response.
The particular CD dist for a givan species would
use such components in propertions and quantities so as to
30 fulf£ill known nutritiocnal requirements for such species. The
conpogition and preparation of a preferred CD diet for
gernfres mice is as follovs:

T I il




supply. For individual isolator air systens, continuous 15 graphic

foni t Or.i ngE@L 9t R&Rpoom environnent is recommended. CAQ NG %%
EQUI PMENT ?6 . A basic list or equipnment for an |sola | ude
cages with secure lids, water bottles.%% -and food hoppers, protective cloth
gl oves for the rubber gloves, an extra door gasket or eap closing ring,

| ong rubber-tipped forceps, henbstats, scissors, a towel, gauze sponges, a
two-quart can for holding instrunments, a covered four-quart diCt. can,
spoon, culture tubes, paper bags, and 25 noi sture-resistant bags for dlrty
beddi ng. Cages should be fa@bﬁ&&@é&ﬂQﬂ &@dsnneptrtﬁiumonton- r'istant

materi al. They shoul d be i P8R - lof 88 B9 sterilized.

Mat eri al s conS|dered acceptable i ncl ude plastlcs stalnless steel, and

‘gl ass. Gal vanize A : G . ,
trace-nmetal cont Qﬁlﬁi‘&iﬁ& may i nf | uence exper| mental resul tsm

(qrans/loo
L3 . grans of
Ingredient)

To 192 ml Mi11i-Q vater at 70-c the folliowing are addea:

Isucine 1.9
Phenylalanine 0.7¢
Isolaucine . 1.08

10 Methionins 1.06
Tryptophan 0.37
valine 1.23
Asparagine .91
Arginine HC1 0.81
Threonine 0.74

©° Lysine HCl 1.77

15 Bistidine HC1 - 0.74

The solution is cocled to 45-c and the following added:

Glycine ' 0.5%
Proline 1.48
Serine 1.33
aAlanine .59

20 Sodiun glutamate 3.40
L~tyrosine ethyl ester HC1l 0.62
Ferrous qinccaate 0.05
Salts 35D s ' 0.105
Sodium Selenite 0.074

Sclution cocled ¢0 S-c and the following added:

% Calcium glycerophosphate $.22
Magnesiun glyeoruphesphatc ‘ 1.42
Caleium chloride 2.0 0.165
Sodium chloride -~ PGtass;um Yodide (KI) mix 0.086

. . icentainxng 680 ng KI) 0,086
Vitamin B n*x 11125 0.09
Vitanin Bl2 1.202g

X Choline chloride 0.31

Potasgium acetate 1.85

To 108nml MillieQ water at 70-C
D-Dextrose, anhydrous was added 71.28

Solutions cooled to 5~C and combined both for
unlerafileration.
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Cage dinensions are usually limted by the size of the entr ort. The

i ni mim arW® 89612680 f enal e mouse and litter is 50 in. [err] REITUSHH/ISAS) . | n
many circunstances nore 35 space per ani_mal may be needed. Table 1 lists
t he reconended fl oor space per animal Tor mce and rats according to weight
groupi ngs. TABLE 1 Anount of Floor Space Recommended per Animal for Caged

Nice and Rats 5 Maxi um
Cat egory Space[err] per[err]Ani mal Popul ati on Nunber
Wi ght (9g) cam;ositicﬁeu!]dulBoraShm;iﬁHh@E given in tadbe 10 10 6(
40) 31\44.@0 i addition téOscdirte selenate irg(Saifp 35D 30

‘Ccmpasition of vitapin B mix111ES as stated in Table 4
Added in addition to vitamin B-12 in vitamin B mix 111ES
(see EXAMPLE hereinbelow)

Such composition is fed to mice or rats ad libitum.

Composition of lipid supplement LADEK 69E6

Ingredient , Ancunt per daily adult

dose* (0.385ml)
10

Purified soy triquecridcnl 0.339
Retinyl palmitate 6.45mg (11.7 I.U.)
Cholecalciferol 0.02882g (1.15 I.V.)
¢ amnbo=alpha~-tocopherol 3.3m9
2 anboealpha-tocophercl acetate 6.6ng
15 Phylloquincne 72ng
slLacating mice receive twice the normal aduylt dose.
lConsisting of: 12% palmitate
1.5% stearats
24% oleate
. $5% lincleate
20 8% linolenate

For 2 detailed description of €D diets see

Pleasants, J.R., et 8l., J. Nutr., 116, 1949-1564 (1586),
Pleasants, J., et al., Garmfree Research: Microflora Contrel

25 and Its Application to the Biomsdical Sciences, B.S.
wWostmann, Ed., p. 87, Liss, New York (1985):; Wostmann, B.S.,

et al., J. Nutr., 112, 552 (1982); and Pleasants, J.R., et

al., J. Nutr., 100, 498 (1970), the disclosures of which are
incorporated herein by refarence.

4.4 PRODUCTION OF MONOCLONAL ANTIBODY
The germfres animal is then utilized for the
production of monoclonal antibodies. The germiree systeam can
be utilized to produce & monoclonal antibody to any antigen
35 cthat the animal in & nongermfree state could produce. An

e
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10 3 15 - 25 12 ( 75) 20 4 over

95 ¢ 15 (_ 95) 16 1 up to 50 95)
50 2 WOWSS%??ROO 17 (110) 50 3 PC”US%‘?’Q.&%- 150
19 (135) 40 4 1562360 23 (150) 40
15 5 200- 300 29 (185) 30 6 over
300 40 (260) : 25 M SCELLANEOUS RECOMVENDATI ONS Fr eon

tests for mnute |eaks are recommended to 20 ensure the integrity of the
D BBy e 0 i PR e B oS, 881 °F, 0
the time it | doweverbl &l iandeiieved ithat tBacherxfreedaninsl qurrovddiesnal y kept
(n metal 25 hogahl @hneNeid iabAe! Sedglilel tbothelaritiGent O BhY, e BAN TheY
should al'so coit 3 NadOkss 1i¥e21R65d v TRcatEne s H-1ypfhocyte that
produces an :ntibody that is capable of binding to a specific
S5 epitope of the antigen. This is a major advantage of the
subject invention. In additieon, it is balieved that the
gernfree systen is particularly ussful for generating a
highly specific antibody for those antigens with numercus
epitopes.
10 The germfres animal can be immunized by standard
techniquas. However, it is preferred that the germfree
animal be immunized at least three times with at least about
thres weeks between esach immunization, followed by a
prefusicn booster. It is believed that this increased level
15 of immunization may be necassary because it has been cbserved
that after two immunizations, which is customary, thers are
still mostly IgM secreting B-lymphocytes rather than the
preferred 1gG secreting Belymphocytas.

20 4.5. SOMATIC CELLS
Somatic cslls of the gernfree animal having the
potential for producing antibody and, in particular B
lymphocytes, are suitable for fusion with a E-cell myeloma
line. Those antibody-preducing cella that are in the

25 dividing plasﬁkhlast stage fuse praferentially. Somatic
cells can bs derived from the lymph nodes, splesns and
peripheral blood of primed gerzfree animals, and the
lynphatic cells of choice depand to a large extent on their
enpirical usefulness in the particular fusion systen.

30 However, somatic cells derived frem the spleen are generally
preferred. Once primed or hyperimmunized, germfree animals
can be used as & source of antibody-producing lymphocytes.
Mouse lymphocytes give a higher percentage of gtable fusions
with the mouse myelema lines described hereinbelow. However,

35 the use of antibody-producing cells from sther germfree

I
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gl ove repl acenent. Breedi ng-perfornmance records nmay be kept in the sane
chart "hol dﬁq g6 0 the limted space avail abl e inside thep@QussnbBusr s,
paper and I ng contalners are recomrended for diets and beddi ng, and for
the transport of animals between isolggers |inked by a sterile passage. 35
-12- No ether should be used inside an isolator because it nmay expl ode when
static sparks occur. Fluothane (bronochlorotrifl uoroethane) is recommended
as a volatile, nonflammbl e anesthetic. 5 Dl ETS, BEDDI NG
AND  WATER GENERAL RECOMVENDATI ONS

animals is also possible. The choice of a particular
gernfree animal depends on tha choice of antigen, for it is
essential that the gdrntroc animal have a Belymphocyte in its
repertoire of B-lymphocytes that can producs an antibody to
such antigen.

4.6. IMMORTALIZING CELLS
Specialized mysloma cell lines have been developed
from lymphocyte tumors for use in hybridoma-producing fusion
procsdures (G. Kohler and C. Milstein, 1976, Bur. J. Immunol.

10 €:511-519: M. Schulman et al., 1978, Nature 276:269~270).

The cell lines have been developed for at least three

reasons. Tha first reason is to facilitate the selection of
fused myeloma cells. Usually, this is accomplished by using
hyclcuas with enzyme deficiencies that render tham incapable

18 of groving in certain selactive media that support the growth
of hybridomas. The second reason arises from the inherent
ability of lymphocyte tumor cells to produce their own
antibodies. The purpose ¢f using monoclonal technigques is to
obtain immortal fused hybrid cell lines that produce the

20 desired single specific antibody genetically directsd by the
somatic cell coxponent of the hybridoma. Te eliminate the
production of tumor cell antibodies by the hybridonmas,
myeloma cell lines incapable of producing light or heavy
impunoglobulin chains or those deficient in antibody

25 gecrstion mechanisms are used. A third reason for sslection
of thess cell lines is their suitability and efficiency for
fusion. |

Several myealoma cell lines can be used for the
production of fussd cell hybrids, including KS-1, X6l-Ag8,

30 NIS-Agd/1, MPCL1~485.6TGl.7, X63~Ag8.653, S5p2/0-Agfl4, FO, and
5194/5%X0.Bu.1., all derived from zics, and 210-.RCY¥3.Agl.2.3
derived from rats. (G.J. Hammerling, U. Hammerling and J.F.
Kearnly, eds., 1981, Monccleonal antibodies and hybridomas In
J.L. Turk, eds. Research Monographs in Immunology, Vel. 3,

35 pisevier/North Holland Biomedical Press, New York).
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The couplets formula for comrercially produced diets should be provided,
listing al ledﬁ? ggredi ents and their concent rations, incl uslCrywssy/02545
preservatives, ant|OX|dants 10 and oth addi tions. The date of production
shoul d be clearly indicated. The manuf & furer shoul d guarantee that the
diet is: 1. Wthin the nornmal acceptable |imts of naturally occurring

hor none activity. 15 2. Free of additives containing drugs,

hor nones, antibiotics, or any other substance that nmay create abnormal
physi ol ogi cal conditions or interferglwﬁtbvggyﬁstigative pr ocedur es. 3.

Fres of salnonella on the b 5| of 20 sta |y gsel ected sanpl es.
Free of rodent and ver M{& ?ﬁrﬂ%ﬂ?ﬁﬁtlﬁs g;qﬁédﬁf g der ed seat

scraps or fisprodatind aplenn onr&gnph pedaoccelis and immortalizing cells

gensrally comprise nixing somatic cells with immortalizing
cells "in a proportion which can vary from about 20:1 to about

5 1:1 in the presence 0f an agent or agents (chemical, viral or
slectrical) that promote the fusion of cell)l membranes. It is
often praferred that the same species of animal sexve as the
source of the scmatic and immortalizing calls used in the
fusion procedure. Fusion methods have been described by

10 Kohler and Milstein (1975, Nature 256:495-487; 1976, Eur. J.

Immuncl. 6:511-519), by Gefter et al. (1977, Scmatic Cell
Genet. 3:231-236) and by Kozbor et al., 1983, Immunology
Today, 4, 72. The fusion~promoting agents used by those
"investigators wers Sendai virus and polyethylene glycol

1S (PEC), respectively. :

One can alse utilize the recently developed EBV-
transformation technigque (Cole et al., 1985, Monoclonal
Antikodies and Cancer Therapy, Alan R. Liss, Inc;, pB. 77~
9€) .

4.8. ISOLATION OF CLONES AND ANTIBODY DETECTION
Fusion procedurss usually preduce viable hybrids at

very low freguency, about 1 X 107% teo 1 x 1078, Because of
the lov frequency of obtaining viable hybrids, it is

25 essential to hﬁv. a peans to select fused cell hybrids fronm
the remaining unfused cells, particularly the unfused myeloma
cells. A neans of detecting the desired antibody-producing
nybridomas among the other resulting fused cell hybrids is
alsc necassary.

30 Gensrally, the fused cells aye cultured in
selective media, for ingtance HAT nmedium, which contains
hypoxanthine, amincpterin and thymidine. HAT medius permits
the proliferation of hybrid cells and prevents growth of
unfused nyeloma cells which norpally would continue €0 divide

35 indefinitely. Aminopterin blocks de nevo purine and
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25 FORTI FI CATION OF DIETS Diets of gernfree animals nust contain nore than
nor nel | r equhs8/TBEYos Of certain nutrients to conpensate for PCRAUS89/02845
heat-sterillzation | oss of vitam ns (especially certain B vitam ns and
vitamns A and D) and of the nutritiwanalue of 30 protein (reduction in
avail abl e | ysine, methionine, arginine and tryptophan). They nust al so
provide required nutrients, which in conventional aninmals would be
avai l abl e through mcrobial synthesis in the gastrointestinal tract (see
Reddy, B.S., B.S. Wstmann, and J. R Pleasants. 1968 Nutrltlonally 35
adequat e di etpymi@idsoensyrmsis by inhibiting the |proguction ofoates [ed].
the germfreagaiydrofoletear The adiiyunc ofr tnynidimedbypassus ehanpl e of

fggg a diet i dadin pfPibiERCIThERedis! vhith MAFo.RRRRLAS A Ynkalgelest ed
in the media 8o that inhibited cells can synthesize purine
using the nucleotide salvage pathway. The nmyeloma cells
S employed are mutants lacking hypoxanthine phesphoribosyl
transfarase (EPRT) and thus cannot utilize the salvage
pathway. In the surviving hybrid, the B lymphocyts supplies
ganetic information for prbduction of this enzyre. Since B
lymphocytes thenselves have 3 limited life span in culture
10 (approximately two weeks), the only cells which can
proliferate in HAT media are hybrids formed from myeloma and
splaen cells.
To facilitate screening of antibody secretsd by the
‘Aybrids and to prevent individuval hybrids from overgrowing
15 others, the mixture of fused myeloma and B-lymphocytes is
diluted in HAT medium and cultured in sultiple wells of
microtiter plates. 1In two tec three weeks, when hybrid clones
become visible micrescopically, the supernatant £luid of the
individual wells containing hybrid clenes ig assayed for
.20 specific antibody preduction.
The asgay must be sensitive, simple and rapid.
Assay techniques include radicimmuncassays, enzyme
immuncassays, cytotoxicity assays, and plague assays.

25 4.9. @il PROPAGATION AND ANTIBODY PRODUCTION
once the desired fused cell hybrids have beean

sclcctca and cloned into individual antibody-producing cell
lines, each cell line can be propagated in sither of two
standard ways. A sample of the hybridoma can be injected

30 jinto a histocompatible animal of the type that was used to
provide the somatic and myelona cells for the original
fugion. The injected anizal develops tumers secreting the
specific monoclonal antibody produced by the fused cell
hybrid. The bedy fluids of the animal, such as serum or

35 ascites fluid, can be tapped to provide monoclonal antibodies
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Kellogg, T.F., and B.S. Wstmann. 1969. Rat and nouse stock diet L-485.

Lab. Anim Careﬁﬁ?and can be comercially 5 produced (see g
Supp! erent¥Pi8H

protein content should be considered -@8~a neans to conpensate for

102545

%h specific am no acids rather than increase ot al

protein quality. Increasing the total protein content of the diet wll
greater consunption and excretion of water, 10 causing humd

conditions and thereby linmting the nunber of aninals that can be housed in
of a given size. TABLE 2 Conposltion of Diet L-485£&$& Rat s and

result in a

an i sol ator

M ce | ngredi &t @iﬂﬁoﬁﬁf‘cﬁ'&“ﬁéﬁs D tergag

Helye Wy inginiQuak

| oss in

590 g Soybepines kcanehs gropagetedoireivity® pnrsdddatory cubré fal fa neal

(dehydr at ed,;

10

1%

20

35

Vst 5C e end Qli1thRe nodfﬁk, containing high concentrations

cf & single specific monoclonal antibedy, can be harvested by
decantation, filtratien or centrifugation.

4.10. USE OF THE MONOCLONAL ANTIBODY

The monocclonal antibodies made by the zethod of the
subject inventien ¢an be utilized in any technigue known or
to be developad in the future that utilizes a monoclonal
antibody.

A major use of monoclional antibodies is in an
imwunocassay, which is the nsasurament of the antigan-antibody
interactien., Such assays are generally heterogenesus or
hemogenecus. In & homogeneous immuncassay the immunological
reaction usually involves the specific antibedy, a labeled
analyte, and the sample of interast. The gsignal arising from
the label is modified, directly or indirectly, upon the
binding of the antibody to the labeled analyte. Both the
immunological reaction and detection of the extent thersof
are carried out in a homogenecus solution. Immunocheaical
labels which may be employad include free radicals,
flucrescent dyes, enzymes, bacteriophages, coenzyzes, and so
forth. The major advantage of a homogenaous immunoassay is
that the specific antibody need not be separated from the
labeled analyte.

In a hottrogcn.ous imnuncassay, the teagcnts are
usually the specizmen, the spacific antibcdy, and means for
producing a detectable signal. The specimen is genarally
placed on a gupport, such ac a plate or a ¢slide, and
contacted with the antibody in a liquid phase. The support
is then separated fron the liquid phase and either the
support phase or the liquid phase is examined for a
detectable signal employing means for pro@ucing such signal.
The signal is related to the presence ¢f tha analyte in the
specimen. Means for producing a detectabls signal include
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Corn oil (once refined) 30 NaC1

10 20 2H err] O 20
ach ]C@%DQ/%M Pﬁ/ggswzsl%

gr ade) 5 Met hi oni ne (feed gr ade) :
5 B.H T. (butylated hydroxyt ol uene) -29= 0.125 Trace mineral m X
0.25 VITAMN M X 25 A

26,000 11U Derr] 1, 000

| U E(a tocopherol acetate) 225 mg Kl err]
(menadi one) eng use of radicactive labels, flucrescers, cﬂy}mehpoiﬁ&“ﬁdT

30 Pant ot heni_c 285 acin

65 30 ChoftP Cr”qﬁqqgéary of hetercgeneous immunoassays are 1900
radioimmunocsssy, immuncflucroescenca nethods, anzyne-lxnkad
immunoassays, and the like.

For a more detajled discussion of the above

5 ismunoassay techniques, sea "Enzyme-Immuncassay," by Edward
T. Maggio, CRC Press, Inc., Boca Raton, fll., 1980. See
alse, for example, U.S. Pat. Nos. 3,690,834; 3,791,932;
3,817,837; 3,850,578; 3,853,987; 3,867,817; 3,901,654
3,935,074; 3,984,533; 3,996,345: and 4,098,876, which listing

10 is not intanded to be exhaustive.

Another major use of mencclonal antibodies are in-
vive imaging and therapeutics. The monoclonal antibodies can
be labelled with radicactive compounds, for instance,
radicactive jodine, and adainistered to a patient

16 ipntravenously. The antibedy can also be labelled with a
magnetic probe. NMR can then be utilized to pinpsoint the
antigen. After lecalization of the antibodies 2t the
antigen, the antigen can bs detected by emission
tomographical and radionuclear scanning techniques, thereby

20 pinpointing the location of the antigen.

’ By way of {llustration, the purified monoclenal
antibody is suspendad in an appropriate carrier, s.g.,
saline, with or without human aldbumin, at an appropriste
dosage and is adzinistered intravancusly, a.g., by continuous

25 intravenous infusion aover saveral hours, as in Miller et al.
in Hybridomas in Cancer Diagnosis and Therapy (1982),
incorporated herein by refarencs.

The monoclonal antibodies of subject invention can
be used therapeutically. Antibodies with the proper

30 biological properties are useful directly as therapeutic
agents. Alternatively, the antibodies can be bound to a
toxin to forz an immunctoxin or to a radicactive material or
drug to form a radiopharmaceutical or phatmacchtical.
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B[err] (0.1 percent trituration in manni t ol ) 2 Thi am ne HC

65 Pyri doxi ne HCO 20 Folic, acid

10 Par a- anjyedae{%ee ¢ aci d ' 50 BSY/US89/42845 TRACE
M NERAL M X (cogéercial MN as nmanganous oxi de

65 ng Fe as ferrous carbonate =30~ 20 Cu as copper
oxi des 2 Zn as zinc oxide

15 1 as calciumiodate 1.5 Co as cobalt

car bonat e 0.6

Methods for producing immunctoxins and radiopharmaceuticals
of antibodies are well-known (ses, for exampls, Cancey
Treatnent Reports (1984) 68:317-328).
It also is balisved that polyclonal antibodies

derived frocm a germfree animal alsc can be utilized in

§ jimmuncassays and provide an impréved result as coumpared to
pelyclonal antibodies derived from a conventional animal.
Polyclonal antibodies derived from a germfres animal can be
nade by utilizing a gsrmfree animal, as described
hereinabove, and i{mmunization techniques, as described

10 hereinabove, followed by separating the polyclonal antibodies
from the animal by conventicnal techniques, s&.g. by
ssparating the serum froz the animal.

5. A FIBRIN=SPECIFIC MONOCLONAL ANTIBCDY
LI 5.1. BACKGROUND
The hemostatic rmechanism is a conmplex
physiclogical response mechanism invelved in repalring
damage to a ruptured blood vessel. Hemostasis is achieved
through the co-cperative interacticns among the wall of the
20 dQamaged blocd vessasl, the platelsts and the coagulative
system. Tha role of tha coagulation systan is to provide an
extensive £ibrin network tec stabilize and anchor the
platalet plug which has been assenbled on the subendothelial
structure of the damaged vessel. The formaticn of the
25 insoluble gidrin matrix froa circulating fibrinogen is the
result of a complex segquence cof raactions culminating in the
explosive production of thrombin at the required site.
Coagulation is an amplification process involving & chain of
nnzynatic roacﬁions in wvhich proenzymes (clotting factors)
30 are activated sequentially te active enzymes. Thers are a
nunbey of physiolegical mechanisms controlling the fibrin
polyrerization procass involved in thrombus formation.
These include the thrombin inhibitor antithrombin IXX

e i
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5 Stean1sterlllzat|on (See Reddy, B.S., B.S. Wstnmann, and J. R Pl easants.
1968 Nutri Hmadequate diets for gernfree ani mals, p. girrisds/brsadl E.
Coates [ed]. germfree animal in research. Academ c Press, London) 10
Act ual procedures wi Il depend on the ®8&rpnent available. Three factors are
of general inportance 1. A pre-sterilization vacuum whenever possible, of
at least 20 in. Hg will assist steam penetration of the diet in a clave or
cylinder vented to the atnosphere. A 15 vacuum of 28 in. Hg or nDre is

ded |
[Jggog}mtnhg smit es?Fsterl adnt¥ '%‘%‘:ﬂﬁﬁ éﬁ‘%@iws SaptndRER 6t

lzat | ensure tota sterlllty,
with an added th& Eihringlyts °dF¥? Sush Eﬁu?%ﬁﬂﬂﬂ:Péﬂﬂﬂéﬂﬁqqn aeLAPALEE ur es
measured at 2Qe=pR)i snritmortasefa¢ctingdilnhinined dpAZach at | east 121-C

(250-F). At that tenpergidihoabbftdis’ dypdthibsld T¥cpdRed Wy Astrup in
1956 Astrup, T., Blood 11, 781-806 (1956) states than an
5 equilibrium exists between fibrin formation (coagulation)
and £ibrin dissolution (2ibrinolysis). In the normal or
healthy state these functions are evenly balanced. However,
when the hemostatic process is impaired, coagulation and
fibrinolysis are pathologically expressed as thrombosis and

10 hemorrhage, raspectively. The clinical manifestations of
pathological thromdbosis of thrombotic disease are extremely

- diverse and include disseminated intravascular ccagulation
(DIC), deep vein thrombosis (DVT), arterial and venous
threoobosis. Thromboembolism and thrombotic complications of

15 other vascular disease (eg. atherosclerosis) can result in
ocelusion of major arteries leading to organ ischemia and
the attendant life-thte&tdning conditions such as
cerebrovascular accident (stroke), myocardial infazction,
ete.

20 - ‘The £ibrinolytic process involves the conversion
of an inactive 2ymogen, plasminogen, te the protsclytic
enzysne, plasmin, through the action of agents knewn as
plasminogen activators. The molecular mechanism of
physiclogical fibrinolysis is not fully undarstecod, but it

25 is known that during fibrin formation plasminogen binds to
¢ibrin where it can be activated by plasmincgen activators,
e.g. t=PA. In this manner plasmin genarstion procesds
vithin the thrombus vhare it is protectel from inactivation
by the main physielegical inhidbiter of plasmin, alphaz—

30 antiplasmin. '

Upon exposure to plasmin, fibrinogen and fibrin
are broken down to their degradation products. Fibrinogen
breaks down into fragments X and Y, and upon further
exposure to plasmin, fragments D and E. Fibrin breaks down
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should last a m ninmumof 15 mnutes. Wth higher sterilization
t'enperatures, sterilization tinmes will be relatively shorter. 25

3. A post v 89/1R699at i on vacuum wi || speed the reduction of P@W&zé% of
the diet. This will avoid unnecessary heat destruction of nutrients.
However, the design and performance 52T he apparatus nust be adequate to
avoid |l eaks during this stage of the operation. 30 In steam
sterilization of diets, the goal is to avoid both inconplete sterilization
and unnecessary nutritional damage caused by excessively prolonged beating.

Al though Son’eonyﬂﬁw %5 1) Sp WAV B €28k ShodlidrbBs SEMER FbR1hCaNE LS MRY be

obtained by QEQL 14 Idpgogamerfsb-bln conplex, Y dimer, Y-D-dimer and X
cligomer from crosslinked f£ibrin.
Assays for parkerz ©of thrombotic disorders have
been conducted until gquite recently uzing polyclonal
"9 antibodies in both radioimmuncsssays and latex agglutination
type assays. These assays have been demonstrated to be
extzemely unreliable by Gaffney (Gaffney, P.J., Ann. N.Y.
Acad. Sci., 408, 407-423 (1983). More specific and

10 antibodies are hecoming common practice in clinical
laboratories. The limiting factor in these diagmostic
assays is the specificity and affinity of the particular
monoclonal antibody employed. The generaticn of highly
specific antibodies to any of the potential indicators of

15 impaired hemostasis is hampered by both low levels of
indicatorzs and the antigenic relatedness eé the particular
marker with its precursor, which is normally present at much
higher levels in plasma. Examples are the formation of
complexes between enzymes and their inhibitors eg.

20 thrombin-antithrombin III, plnsmin—alphaz-antiplaamin, t-
PA-PAl=1. The number of new antigenjc sites generated by
such complex formation is extremely small and makes the
production of immunological probes (such as monoclonal
antibodies) difficult.

25 Likewise, the najoz'p:oblnn ns-ociaéo¢ with the
acguisition of a moncclonal antibody to f£4ibrin has been the
structural and conformational similarities between fibrin
and its physiological precursor fibrinogen. It has been
estimated that the conservation of covalent structure when

30 gibrinogen is converted to £ibrin (s greater that 98% (Plow,
E.F., et al., Semin. Thromb. Haemostas, 8, 36 {1982) and,
therefore, only a small percentage of the epitopes on the
fibrin molecule are in fact neoantigens (and unigue to
£ibzrin). Many of the approsches which have besn adopted to
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(a) Technlcal procedures such us tenperature, tine pre-sterilization and
post-sterilization vacuum and pellet size. (b) The water c
diet. An i ¥P8¥2% water content |eads to better recoverypg?ﬁ%kV|Pan1ns
after 5 sterilization (See Zimerman, D.R, and B.S. Wstmann. 1963.
Vitamn stability in diett sterilized dpf- garafree animals. J. Nutr
79.318). For solid diets, a water content up to 25 percent, or as high as
proves to be conpatible with the storage quality of the diet, is
reconmended. A change in 10 water content of the diet should be followed by
a new test of the rate at which the diet reaches sterilizing tenperature.
RADI ATI ON STERdgWdse Oibste ansddpdiss haves concentrakead onasgmunizing easant s.

1968. Nutriti mw-adeeﬂai@zmw $1bin gﬂ‘dﬁmefmﬁeaﬁd”%ltﬁewc peptiBbsl n
M E. Coates (e ermfre 15 _an in.r searc adenic F;{ess
London; Lay. F".c%‘c ﬁbﬁ"%{a nﬁ&?égge%?dgj' g’ n%
Sterlllzatlon K.¥., et al., Science 22, 1129-32 (1983), 8chec!er:-ncrchel,
V., et al., Proc. Natl. Acad. Sci USA, 82,7091-95(1985),
5 glms, M.J., et al., Thromb. Haemostas, 50, 591-94 (1983, and
Kurdeyk, B., et al., Mol. Tmmul., 21, 89-94 (1984).
However, it is believed that the dinding site of such
antibodies is conaerved during the £ibrin degradation
process and, therefore, such antibodies alac can bind to
10 £ibrin degradation products.

The subject invention permits one to take a
completely different approach and utilizes the intact £ibrin
antigen in econjunction with the enhanced immunological
sensitivity of the antigen free (AF) animal to produce a

¥ fibrin-specific monoclonal antibody. For the purpose of the
subject invention, a fibrin-specific moncclonal antibody
binds to f£ibrin and not to fibrinogen, the fibrinogen
degradation products or the fibrin degradation products.

20 §.2. MATERIALS AND METHODS
5.2.1. ANIMALS
Germfree BALB/cAnN mice were cbtained from the
gernfree (GF) colony maintained at the University of
Wisconsin. The animals were trangported to our facility
25 under GF conditions. The Antigen-Free (AF) colony was
in{tiated by moving pregnant GF mice fad a natursl
ingredient diet L-485 (See Pleazants, J.P., et al., J.Nutr.
116, 1949-1964 (1986)) ¢to an AF ismolator where the mice
vere immediately transferred to the chemically defined (CD)
30 AF diet. Their offspring, which had never directly
contacted a Natural Ingredient (NI) diet, were weaned from
maternal milk to CD diet and were designated the first AF
generation. The AF mice were mated in pairs until the

female was noticeably pregnant; then the male was removed to
35
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of Iaboratory ani mal diets using gamma radiation. Lab. Anim 3:221)
Techni‘ques and dosinetry wll depend on equi pnent 20 and type of radiation.
Al t hough, i &2Re@l . radiation sterilization is consideredpCT/US8®02345i n

| ess destruction of nutrients, it is at present recommended that diets be
sterilized with steam 25 TEST FOR STERKEI TY To nonitor sterility achieved
with any specific sterilization procedU, the use of Bacillus

st ear ot er nophi | us spore strips is reconmended. The strips should be
embedded in the core of the diet. Also, the 30 isolator and its ani nal s
shoul d be perlodlcal 0 |0I i ca nitored. Such noni ng is
necessary to t%08t p{%&:c%% g 'ﬁﬁyﬁggfﬁﬁg %mﬁﬁg ?f’orﬁ) eaks in

t he isol at or @aﬁﬁ?elt?tﬂ fupplemanticqiitungswere | veaniadoptoRétdayve ofl at or or
its contents. ghjai,s can be acconplished as

§.2.2. HOUSING

s AF breeders were housed in pairs in one half of a
standard polycarbonate mouse cage 28x17.8x12.7cm. The
bottom had been cut out and replaced with a falge bottom of
nesh gstainleas steel. A longitudinal divider of sheet
stainless steel was bolted to the ends of the plastic cage,

10 projecting enough above and beyond the cage to hold in place
a lid cf stainless wire. This recessed 1id, which nermally
£its inside a cage, was inverted to provide more adequate
-head room above the false bottom. Stainless steel collars
of appropriate size were welded to the top of the 1ligd to

15 hold 60ml diet bottles. Four stainless steel cups were
welded to the sides of the longitudinal divider at the ends,
halfway between the false bottom and the top. (A picture of
the cages appears in Pleasants, J;R., The germfree gystem
for aging and immunity In: CRC Handbook of Immunclogy in

20 Aging, (Ray, M.M. B.S. Makinodan, 7., eds.), pp. 257-297,

" CRC Press, Boca Raton, Fl. (1981). The diet bottles were of
brown glass. Both diet and water bottles had plastic lids
with holes drilled in their centers. The bottles were
£illed and inverted in their collars. The lipid supplement

25 was measured daily into the stainless steel cups. A plastic
pan was placed under each cage to receive wastes,

The filter paper which served both as bedding and
as ingestible fiber was Whatman asghless filter paper No. 41,
puzrchased as clippings (Sargent Welch). For dbedding the

30 paper was cut into strips. Uncut squares of the paper were

 used for cleanup inside the isolator. The paper was
autoclaved for 25 min at 121'C, or was {rradiated (¢.5 Mrad)
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35 descrlbed in Wostmann, B.S., Ed., Gnhotobictes: Standards and

Gui delines for the Breedlng Care and Managenent of Laboratory Aninals,
Nat i onal MRéQ88M26B0counci|l, National Acadeny of Sciences, §%ﬂﬁ§$6ﬁ$ﬁD.C.
1970, pp. 2B-39. ESTI MATI ON OF NUTRI ERE. LOSS DURI NG STERI LI ZATI ON 5

As a useful check on the loss of vital nutrients, determ nation of

aci d-extractabl e thiam ne as an indicator of the recovery of thiam ne added
to the diet is reconrmded (ee* Wostmann, B.S. and P.L. Knight. 1960. The
effect of nmethyl alcohol on the conversion of thiamne to thichbronme. 10
Experientia ifi: pDosticAbagsovedll aficecseceined Anopgh cpaper tdi cauns severe

| mpai r ment Og n@CORA B¢ el e&gena'xequah'wpﬂcéah%dhe{t Dl gguate
equi pnent an cars recoverl ercent or nore shoul be achleved
vellow or dirty.

The cages were maintained ingide a 1.37x0.6x0.6M
flexible isolator of the Trexler type (Trexler, P.C., Lab.

5 Anim. care, 13, 572-581 (1963)), using standard gnotobiotic
technology (see Wostmann, B.S., Ed., Gnotobiotes Standards
and Guide Lines for the Breeding, Care and Management of
Laboratory Animals, National Research Council, National
Acadenmy of Sciences, Washington, D.C.) The isoclators were

10 maintained in a room at 21'C on a 12h light dack schedule.
A 2.5cm diameter Tygon tube 7.55cm long was ssaled to the
top of the isoclator and closed with vinyl stoppers at both
top and bottom. This provided an entry for sterile
‘£iltration of diet, water and oil.

18

§.2,3. DIET

Table 1 indicates both diet composition and the
sequence for dissolving the ingredients in ultrafiltered
Milli-Q water (Millipore, MA). The amino acids and dextrose

20 were Sigma tissue culture grade. Vitamins were also from
Sigma except for pure retinyl palmitate, kindly supplied by
Hoffman-lLa Roche, Inc. (Nutley, NJ). The other reagents
were Fisher certified or equivalent. The complete water
socluble diet was filtered cold through an Amicon Diaflo TC3

25 ultrafilter using three Pm10 membranes 150mm in diametex
(Amicon).

The ultrafilter membranes had a molecular weight
cut off of 10,000 daltons. The assembled yltrafilter
apparatus was sterilized before use by passing a 0.15%

30 sodium hypochlorite solution through it, followed by
thorough washing. Ultrafiltered diet was stored at 4~C in
sterile reservoirs until needed. The diet was introduced
into the AF isclator using a 0.2um Nylon (MSI) filter {n an
autoclaved pressure filter holder with its delivery tube
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15 STORAGE OF SOLI D DI ET Because of the generally high cost of gernfree

experinentation, extra care should be taken never to use diet t ha
decr eased "é?&ﬁﬂpp%’ant ly in nutritional value. It is reconn@géﬁgf%‘?ﬁ"ga)

nonsterilized diet always be stored 20 under refrigeration, and never for

| onger than one nonth, and that (b) st¥fhge tine of sterilized diet inside
the isolator should be one week or |ess and nust never exceed ten days.
BEDDI NG 25 Beddi ng shoul d be changed at | east once a week. It is
reconmended that bedding material be easy to sterilize and not readily

Che steril Pia@%&éégﬁ“%ﬁ Neoplbfy hidbber °ORRY Vilh Birfotés ) ©
shavi ngs are FESTeFARY SXOPPRSONAE XeRRYNd. EXOR e Fygen subehed corn
cobs are accepesisd toDtheotor afusher bsolatsr,candr the aiterdsr\epdehe and
har dwoods ar e gk vaaC SEPRPEE Aei thl QY bESFL 12953 solution of 2% peracetic
acid containing 0.8 alkyl-aryl sulphonate. The filter
5 holder stopper was inserted {n place of the upper stopper.
After 20 minutes the lower stopper was remcved (inzide the
igolator) and diet or water was filtered into the isolator
‘under 20 pxi of nitrogen.
The composition of the lipid supplement is given

10 in Table 2. The soy triglycerides were a preparation made
from those methyl esters which vacuum distilled over a
temperature range yielding the esgters from palmitate to
linolenate. These esters were then trangesterified with
glycerol to form the mixed triglycerides. (Nu-Chek Prep,

1S Elysian, MN). The fat-soluble vitamins were added to the
triglyceride mixture before {ts filtration into the isolator
at which time it was warmed to 50-C and filtered. into the
isclator by the same procedure ugsed for the water-soluble
poertion of the diet.

20 The 1ipid intake was a measured 0.375ml/day.
Increasing the lipid supplement has greatly decressed the
mortality rate of newborn mice. The average litter gize has
also increased to that of conventionally reared animals.

. Lactating females received twice the normal amount of lipid

25 gupplement.

TABLE 1
Compogition and preparation of chemically defined Qiet
L489E18e :
a0
Anmount
(grams /100 grams
Ingredient , of Ingredient)
35
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sterilization should not be used until

df harnf ul
sterilizedYOIB/1330 be autocl aved in square pack flasks,

tanks attached to the unit. A snmall aif, space should be |eft

cont ai ner.

any cesarean operation is keyed in part to having the pregnancy advance to
full term This is particularly true of aninmals with short gestation

peri ods,

10 where the fetus may gain 20 percent of

10

5

20

conpounds has been clarified. 35

5 PRI NClI PLES OF CESAREAN

Vad

t he question of possible formation
WATER Dri nki ng wat er nust be
TUSB9L02545%

i nsi de each

I"VATI N OF GNOTOBI OTES The success of

its weight in the

To 192 21 Milli-Q water 70~C the following were added:

Leucine
Phenylalanine
Iscisucine
Methionine
Tryptophan
Valine
Asparagine
Arginine HCl
Threonine
Lysine HCl
Histidine HCl

1.9

0.74
1.08
1.06
0.37
1.23
.91
.81
N.74
1.77
0.74

The sclution was cocled to 45~C and the following added:

Glycine

Preline

Serine

Alanine

Sedium glutamate .
L-tyrosine ethyl ester HCI
Ferrous gluconate

salts 35D%
Sodiun Selenite?

Solution cocled to S-C and the following added:

Calcium glycerophosphate

Magnesium glycerophosphate

Caleium chloride 2H,0

Scdiun chloride~Potassium Jodide (KI) mix
(containing 680mg KI)

vitamin B mix 11185°

vitanin 812%

Cheline chloride

eet Has Been Replact
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0.59
1.48
1.33
€.59
3.40
0.62
0.0S$
0.105
0.074

§.22
1.43
0.188
0.08¢

0.09
1.20ng
0.31
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flnal 24 hours before parturition. Tinmed actings are reasonably successful,
but with ani mals el di ng Iarge litters (rats and mce) it ful
to wait foWO§9él qﬁé‘ﬁal e to deliver the first offspring bef orﬁpg@éggﬁgg
with 15 the operation. In guinea pigs, the nost satisfactory nethod is to
sel ect femal es for surgery by neasurinﬁﬁthe spread of the pubic bones (See
Philips, B.P., P.A Wlfs, and. H A Gordon. 1959. Studies on rearing the
gui nea pig gernfree. Ann. N Y. Acad. Sci. 78:183). 20 The
cesarean-derived young nust be delivered into a gernfree environnment before

they take theip didedlunbagatef air. They may be taken direcglygsfromthe
not her by hysterotony, through an incised sterile barrier nenbrane into a
sterile isolator, or by hysterectony, through a germcidal 25 trap into a
sterile isol a'rorloﬁﬁiemmamm@malt poeparation of the female prior to the
cesarean operation includes renmoval of abdom nal hair and cl eaning and

di si nfection of
D~Dextrose, anhydrous was added

5
Selutions cooled to 5°C and corbined both for
ultragiltration.

1CGmpo-ition of salts 35D mixture given in Table 3

10 2added in addition to scdium selenite in Salts 35D
dcomposition of vitamin B mix 111ES (see Table 4)
‘Addod in addition to vitamin B~12 in vitamin B mix 111ES

TABLE 2
'15 Composition of lipid supplement LADEK €9E6
Ingredient Amount par daily dose* (0.375ml)
Puritied scy triquceridcsl : 0.33¢
20 Retinyl palaitate 6.45ng (11.7 I.U.)
Cholecaiciferol .0288my (1.18 1.U.)
2 ambo-alpha=-tocophersl 3.3ng
2 ambo-alpha-tocopherol acetate €.6ng
- Phylleoguinone ' 72mg
sLactating mice recsived twice the normal adult dose.
1consisting of:  12% palnitate
20 1.5% stearate
24% cleate
55% linoleate
8% linclenate
3
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the operative site. Anesthesia is acconplished preferentially by

di sl ocation of th cervical vertebrae in 30 rats and m ce, although an
abdoni nal wpdbiiaesd ocal anesthetic or general anesthesia sRCTAISSS/N845used
Wi thout incurring serious |evels of fatal depression and nortality.. Wth
gui nea pigs, surgery is generally pertd¥ved after prior sedation and under
| ocal anesthesia. 35 Delivery of the young by hysterotony through a
barri er nmenbrane requires special isolator equipnment. The Reynier
stainles-steel surgical unit (See Reyniers, J.A 1965. Cernfree life

met hodol ogy (gnotobiotics) and experi ' Isnutrition. p. 458-466 In Proc.
3rd Internat. 5 Congr. Biochem, Brux has a built-in horizontal netal

Composition of the 35D Salts Mixture

salt Anount (per 300ml of diet) (mg)

5
Hn(acctato)z 6320 55.4
2u804 820 40.6
Cu(acotatc)z Bzo 3.7
cr(acttatc)3 320 &.5
NaFr 2.1

10 Snso ZH s/ ) 0.37
(NH4)5 702‘ 48,0 0.37
NiCl2 3H20 0.37
Co(acatatn)z 4H20 0.11

- uasvo‘ ’ 0.22
Na s-o 0.096

TABLE 4
Coemposition of the Vitamin B Mixture 111E5

20

" Ingredient Anount (mg)/300ml Diet)
Thiamine HCl * 1.23
Pyridoxine HCl 1.54

25 Biotin 0.25
Folic Acid 0.37
Vitanin Bl2 6.37
Riboflavin - 1.8%
Niacinanmide . 9.2

30 i-inositel €1.9
Caleiur pantathenate . 12.2

Watay was Milli-Q ultrafilterad grade and was
£11te;¢d inte the isclator in the same nanner ag the diet.
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di vider that separates the upper and | ower conpartnents of the unit. The
divider contains a circular port covered with a nylar plastic filmto

mai ntain the integrity of the upper conpartnment. The fenal es re ared for
surgeVy i Wp8%t26@0i n. 10 the | ower conpartnent with the abd S8Y/83348
against the nylar. Al surgical instrunments are in the upper conpartnent,
and the surgery is perforned in this=#0erile area. An incision is nade
through the plastic and skin with an el ectrocautery or scal pel. The
self-sterilizing 15 el ectrocautery blade is preferred for skin incision.
The edges of the skin and nylar are cl anmped together and reflected. A
sterile drape is placed t he,ak0Qa lAeatlt edges of the skin,
and war m di si-nf ect ant enzaﬂko aime 560 applied to the

exposed 20 fascia befo mgﬂg-:m mnuu dmmsx fﬂm&@@lééutlon
nust be exer GerRdnifaCYon hotidbling tdiguidas (RGN alet BRE LASWEddnnQf a pair

of forceps or Epng§taif9;ﬁ¥‘EQ§Qoﬂ g%ics standayds and quidelines for
the breeding care and management of laboratory animals,

S National Ressarch Council, National Academy of Sciences,
Washington, D.C. Briefly, swabs vatted with diet and water
froz inside the isolator vers used to cobtain facal smears
obtained frash from the mouse and frem the acoumulated waste
under each cage. Snears vere also taken frozx the walls of

10 the isolater particularly around the entry ports. Duplicate
smears were always taken. One set was tested by diract
microscope sxazination for bacteria and fungi, using a gram
stain. The second set of swabs was used for detection of
nicroorganisms. Thres weeks wveras allowed to elapse bsfore 2

15 culture was considered to be negative.

Microbiological testing was performed
approximately every two waeks or a few days after a new
antry to the isoclator had been made, |

20 5.3. THE PRODUCTION OF MONOCLONAL ANTIBODIES
USING ANTIGEN-FREE MICE

. The antigen~free mice described hereinabove were
used as the lymphocyts donor in the production of moneclonal
antibodies. Sclutiocns of all antigens wers prapared under

95 Sterile conditions in a laminar flow Rhood.

The following protocol was adopted for the
immunizatien of the AF mice. The antigen (25-50 micre g)
wvas dissclved in sterile saline (100 nmicre 1) and emulsified
with an equal volume of Freund’s Ccmplete Adjuvant (FCA).

30 Interferon (1000 units) was added te the solution of antigen
prior to the preparation of the emulsion. Sterile syringes
and needles wvere used for all jimmunizations. The syringes
vare transferred to the AF isolator via the entry port where
they were sterilized by spraying with a solution of

e
——————e

This Sheet Has Boen R . THIS SHRET HAS BERN

(T ———————



perltoneal mall and the viscera may be hel pful. The uterus is then opened
-and the young renoved. The fetal nenbranes 25 are renoved, and the

unbi | i.cal wep8d11680 cl anped and cut. The young are gently drE@dUSERI02MdSsaged
to stinulate respiration. They are thﬁg transferred to a rearing unit to be
foster- nursed or hand-fed. Another et of nylar may be secured over the
surgical port and the procedure repeated with as 30 nmany as 5 or 6 fenal es
wi t hout serious risk of contam nation. Cesarean delivery nay al so be
acconpl i shed using a plastic isolator or glove bag as a surgical unit. Tha

" exterior Suriaaf@cetsﬁc laegdi 2% ot O'BobORF 116 aEtishe vére A vanduPimgight into
o et "ol Pyl 8P R geh o N i B Bk Ui ® 2 1 Ne

Freund’s Incomplete Adjuvan:. A total of three booster
ipmunizations vere given sach at intervals of three weeks.
The final boost (without adjuvant) was given 4-7 days prior

5 ¢o fusion. All immunizations were given intraperitoneally.
The nice were ramoved from the isolator on the day of the
fusion and were immediately sacrificed by co, asphyxiatien
The spleens wars raicved and the splenocytes fused with
nouse myuloma cells (NS1) using standard hybridoma

10 technolegy.

5.4. USE OF THE ANTIGEN~FREE ANIMAL SYSTEM
FOR THE PRODUCTION OF A FIBRIN-SPECIFIC
MONOCIONAL ANTIBODY

The antigen-free systen vas used to generate a
fibrin-specific monoclonal antibedy. The antibody is highly
specific and doss not recognize fibrinogen, f£ibrin
degradation preducts or fibrinogen dsgradatiocn products.

The hybridoma cell line was produced by fusion of

splenocytes from antigen fres BALB/c mice, immunized with
human fibrin, and N5l myeloma cells. )

18

20

$.4.1. IMMUNIZATION SCHEDULE

Three eight wveek cld female antigen free nics vere
inmunized with.33 micrograms of 8 human £ibrin preparation.
The preparatioii wvas a fraeze fracture sample of fibrin vhich
was prepared as follovs:

Human fibrinogen was converted to f£ibrin by
thrombin and Facter XIIYa. The £ibrin clot was then frozen
in liquid nitrogen and reduced to an extremely fine powder
by mechanical disruption. A dispersion of the freeze
fractured fikrin vas made in saline to give a8 clear solution
of crosslinked fibrin XLeFn with a final cencentration of
img/mL. 33 microL of this fibrin antigen was used to
immunize the animals. The volume of the antigen solution

35
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operation the elit in the plastic barrier can be closed with sterile tape
and t-he surgical procedure repeated on additional gravid females. Delivery

of the- yowogdgy;z@y@terotony i's nore conmon when plastic i s@@ayosH/ersas used
(See Fosters H. 1959. A 5 procedure for obtaining nucleus stock for a

pat hogen-fre ani nal colony Lab. Ani m=4&are 9:135). The uterus is

aseptically exposed and cl anped just anterior to the cervix. The excised
uterus is transferred into the gernfree unit through a Iiquid germ cidal
trap. Once inside the isolator, 10 the young are dtlivezed as rapidly as

possible to p e &Eﬁq a u drled and
br eat hi ng wel Foﬁé ‘F 4 Jitbnga?oé‘“ltz%cor u‘ *gftéﬂﬁeﬂn’g#lﬁx %ﬂf % ant s
are then gi ve®#2udsifind sty ’ﬁbt%rﬂﬂsﬁrﬁhﬂ@ e ahedlass saction. TUO
Hyst ar ot ony nmegeltersihunicecschs vire’ GBnlhiftered, SataleéxVala okn Ui nea
Pigs, hovever ypBygtGédid asifia the some level of antigen in Preund’s

Incomplete Adjuvant. The final booster wae given 4 days

$ prior to the fuaion. The same level of antigen was used and
adjuvant was replaced vith saline.

5.4.2. DETECTION AND DETERMINATION OF ANTIBODY
Qualitative and quantitative determinations of
10 monoclonal antibody vere performed using an enzyma linksd
immunosorbent assay (ELISA). The ELISAS vere perfcozmed
using buman £ibrin immebilized onto a 96 well PVC plate
(Costar). The fibrin coated assay plates vere prepared by
. incubating 100 microL of a fibrinogen solution (Kabi, grade
5 1) (so nicrograms/nl borate/saline buffer) overnight at i°C.
Unbound fibrinogen was removed by washing with PBS
containing 0.05% Tween 80 (PBS-Tween). The fibrinogen
coated oanto each plastic wall was converted to £ibrin by
incubation with 100 microliters ¢f a thrombin solution (10
20 NIH units/ml) containing 2nHCaC12 for 1 hour at 37°C.
Standard calibration curves for the antibody wers
constructed using a preparation of antibedy which was
honcgensous by SDS-PAGE.
To prevent nonespecitic binding, the fibrin coated
25 plates were incubated with a 1% solution of BSA in PBS .
PH7.4. Antibedy containing solutions (160 gicrol) were then
addad and incubated at 37-C for 90 minutes. After each step
in the procedurs the vells vere extansively washed with
FES~Tween. Bound antibody was detected by the addition of a
30 1000 fold dilution of rabbit anti-mouss antibody conjugated

to alkaline phosphatase (Sigma) diluted in PBRS, 1% BSA
pHS.O.

U e




preferred, since a high nortality occurs if as such as two m nutes el apses
bet ween the severance fromthe nmaternal blood supply and delivery inside

t he i sol dwOr89/RESBREEDI NG SYSTEMS | N GNOTOBI OTl1 C COLONI ES pOT2USEMEEAS4Dr Ot her
X sister mating system enpl oyed in conventi omal breeding colonies can al so
be used in 25 gnotabiotic col onies. -§awe random breedi ng i ncl udes soee
matings of siblings and of first cousins. A though such matings are 30
normal |y avoi ded i n noninbred breeding colonies, the resulting mating
system does not decrease the rate of inbreeding to the maxi num extent
possi bl e. Any systen1of n1n|nal |nbreed|no can be used See Fal coner, D.C
1967. Cenefic aspect§ f3br SREDRE BRIDOMAS USTEH UFAQ 35 handbook
on the care and nanammiufwhwmﬂewlb;alca aspnyxutmn and a

splenectony performed immediately. The aplcon cells from
the immunized mice were fused with the fusagent polysthylene
glycol 400C (3000-3700). The cells were incubated in HAT

5 gelection media in T flasks for 1 veek. After this time the
Cells were plated out into 5 X 96 wall plates frem which 93
vells shoved growth. Of thess, 19 wells wers positive for
the Cibrin antigen. One of thess clones, F492D8 (later
renaned MH1), produced antibody which recognized the fibrin

10 antigen but did not crossreact with fibrinogen. This
particular clone, MHl, was recloned three times by limiting
dilytion with the tartiary cloning phasa perforumed at 1 cell
per well. Once the cell line wag stabilized it was weaned
onto a serum-free medium the cell line produces antibedy at

15 the level of approximately 7.5 mg/liter.

5.4.4. PURIFICATION OF MONOCLONAL ANTIBODY
Before purification (4 Liter batches of) tissues

cultuzre supernatants were centrifuged to remove cellular

20 debris and filtered through a 0.8microM nylon membrane to
renove any regidual particulate material. The hybridoma
supernatant was concentrated at 4~C to a velume of =00mlL
using a spiral wound ultrafiltration system employing a YM
type nmesmbrane (Amicon) with melacular weight cut of 30,000.

25 Buffer exchange to 20mM 2(N-morpholine) ethane sulphonic
acid (MES), pH6 (Buffer A) was accomplished by diafiltration
accerding to the manufacturers instructions. After further
concentration to a final volume of 100 ml, the antibody
solution was filterad through a 0.451 micron nylon membrane

30 pefore further purification. The concentrated antibody
solution was purified by liquid chromatography on a Waters
HPLC chromatograph using a 7.75zm x l0cm ABx column (J.T.
Bakear, Phillipsburg, NJ). The column was equilibrated with
buffer A and the saxple (100ml) was applied at a flow rate
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-20- 3rd ed. E and S Livingstone, LTd., London; National Research council,
{nstitute for Laboratory Animal Resources. 1969. A guide to genetic

st andar ds wf@godjaéer atory ani mal s. National Acadeny of Sci epgfmss &isnt on,
D.C.). Conparable Conventional and Gnhotobiotic col onies. I I'S deS|red
to maintain both conventional and gnotgbiotic colonies for conparative
purposes, their simlar genetic const 4%t i ons may be mai ntai ned by

i ntroduci ng casarean-derived litters fromthe effective breedi ng popul ation
of the conventional colony into the gnotobiotic 10 colony. This appears to
be the nethod of choice for those producers who place nost enphasis on the

production ofemQnoadyeinot iXttest axtitisivie wabhing s thhBultéady aleage of

preventing t (G 93630 8 Bl sfod UL G8n REYrYAEEnt 2rom

buffer A to 100% buffer B (1M sodium acetate pH7) at

1 al/umin. Practions (2ml) vere collected and those

containing MAb (as determined by ELISA) were pooled and

5 aialysed against phosphate buffer saline (PBS) (20mM sodium
phosphate, 150uM sodium chloride, pH7.4) and stored at -20°C
at concentrations > img/ml. The ABx column was resgenerated
by wvashing for 5 minutes with 100% buffer B, folloved by

re-aquilibration with 15 column volumes of buffer A.

10 '

$.5. DETERMINATION OF FIBRIN SPECIFICITY

Initial deternination cf fi{hrin specificity was
achieved by screaning hybridoma supernatants separatsly on
gibrin and fibrinogen coated microtiter plates. Only thoge

15 cell lines producing antibedy that did net crosareact with
fibrinogen were accepted.

Further cenfirmation of fibrin specificity was
deterzined utilizing a competition assay with fibrinogen in
soluticn, thessby contirming that the antidody does not

20 recognize fibrinogen in selution.

Thélceap-tition asszay eaployed to ascertain the
fibrin specificity of the antibody was performed as
described for the ELISA assay hersinabove with preincubation
of the antibody with fibrinogen in solution. Briefly,

25 hybridoma supernatant vas incubated at 27°C for 30 minutes
with solutions of fibrinogen at physiclegical concantrations
(4zg/ml) containing BSA (10mag/ml) to prevent non spacific
binding of antibedy to fibrinegen. The fibrinogen/antibody
solution was then transferred to vells of a micretiter plate

X which had been coated with fibdrin. GlyProArgPre (GFRP) was
added to the fidbrinogen inhibitor to pravent pessible
polynerization of fibrinogen by residual thrembin in the
£ibrin .wells. The assay is then performed asz a conventional

ELISA assay for antibhody bound to an immobilized antigen.
35
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that would sinplity mcrobiological nonitoring. ldeally, 16 this could be
done‘by using litters fromspecific matings as breeding stock for the
convent i omelgecdseny and using the next litter from each ofPCHNES8Y/§2A48 ngs as
breedi ng stock for the gnotiobiotic colony. If this procedure is followed
every second or third generation, th®4%®netic constitutions of both 20

col oni es should remain very simlar, provided, of course, that the sane
mating systemis used in each colony. Alternatively, litters fromthe
effective breeding popul ation of the gnotobiotic colony nay be used to

Wil bo | donth il SRSrREnEe R Takl Bhe L3I oyl AFIRY b “ene WATAUCTCCS

£
RECORD- KEEPI m%% fgcons |antidody 455 MESc yRed A g COPSreds A4RF

recor d- keepi 8gossrencescedtnor M ioNUnd PLiL¥indgeal3 | N t he UFAW har dbook on
the care and managenent of |aboratory animals, 3rd ad. 2.and S Livingstone,
Ltd..

5.5.1. DETERMINATION OF CROSSREACTIVITY WITH FIBRINOGEN

5 5.5.1.1. IMMOBILIZED FIBRIN AND FIBRINOGEN
The call line MH1 produces a murine monoclonal

antibedy which cressraacts with fibrin wvhen it is
inmmobilized on the surface of a PVC nicrotiter assay plate
(table §). In the same assay the antibody does not

10 recognize xibrinogen immobilized on the plate. As the data
on table 5 indicate, there is a drawatic increase in
immunereactivity once fibrinogen is converted to fibrin by
thrembin, indicating clearly the exposure cor formation of a
‘hecepitepe on the fibrin molecule. The control antibedy,

15 457, hovever clearly recognizes an epitope which is
conserved when fibrinogen is converted to fibrin.

5.5.1.2. COMBETITION ASSAY WITE FIBRIN AND FIBRINOGEN
The tibrin specificity of the antibody, MH1
20 antibody, was further demonstrated in a cempetition assay in
wvhich hybridema supernatant was praincubated with a
fibrinogen solution (final concentration of 4 mg/al) prior
to an ELISA on fibrin coated wells. Since such 3 high level
of fibrinogen wag used in. this competition assay (x500 that
25 of the antibody cencentration) BSA (10 ng/ni final
concentration) vas added to the mixture. The peptide GPRP
was added to prevent fibrin polymerization by residual
throzbin on the fibrin coated wells. The results of this
assay indicate that the MH1 antibedy does not recognize
30 fibrinogen in soluticn (Table 6).
Assuning 400 ng. of tibrin binds to each well ¢f
the nmicrotiter assay plate, then the fibrinogen level used
in this particular competitien aasay represants a 1,000 fold

35
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London). Proper records should be kept for the animals and for the

mai nt'enance of the isolator. The animals records 35 should determ ne the
effici encyy8igo)ihgegoPer ati on and the bi ol ogi cal perfor narpeﬁ,@gsgydigds
animals. The i1solator records should maintain a chronol ogy of events
related to the isolator to assist in leqgating a breach of th barrier if
contam nation occurs. 5 4.3. THE ANTI GEN- FREE ANIMAL In a
preferred enbodi nent of the subject invention, it is preferred that the
gerfree animal be bred on a chemcally defined (CD), |ow nolecul ar weight,
wat er-soluble, ultrafiltered diet. it is believed_that such a diet permts

10 one to obt B*AOEHHYE: Fhe REERd HibXip: Aptigen.odnaAfdlelrn Atake

represents a 400 fold excess of the antibody level in the
tissue supernatant.

TABLE §
5
Crossreactivity of MH1 Antibody with
Pibrinogen and Pibrin Antigen

MAb *toSnn/3° nin.
0 Fibrin Fibrincgen

MH1 .90 .025

483 ~ 1.65 1.50
18

. TABLE 6
20

Crossreactivity of MH1 Antibody with Fibrin
in the Presence of Fibrinogen

MAbL A‘osnn/3o ain.

25
+fidrinogen =fibrincgen

MH1 1.24 1.27

457 0.438° 1.74
30

5.5.2. DETERMINATION OF CROSSREACTIVITY
WITH FIBRIN(OGEN) DEGRADATION PRODUCTS
Fibrinogen degradaticn products (FDPs) werse

prepared by incubating fibrinogen with plasmin at 37°C for

35 -time periocds ranging frem 10 minutes to 3 hours. AT the
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by the anlnal Such a diet is generally made up entirely of ingredients
-that are capable of chemcal definition, e.g., amno acids, sinple sugars,
l'i pi ds, wvbxermaeend minerals. For the purpose of the subjp€lyuU$82843 on a
chem cally defined 15 diet conprises am no acids, sinple sugars, |ipids,
vitam ns and m nerals and no ot her congonent havi ng a nol ecul ar wei ght
greater than about 10,000 daltons. v all of the conponents of a -CD diet
are of | ow nol ecular weight and are naturally circulating nutrients in
animals and, therefore, it 20 is believed that such conponents w |l not
stirmul ate an i nmune response. The recent literature refers to a gernfree

?Pi ,”2' EQ?te r:ag%;bS&n%iﬁ@&i%iﬁo@dﬁyﬁ&saﬁaﬁfhé@ika%t %ﬁ@%ﬁ&t@ efrﬁ\:c fge
ani rml "y eqrapkEob e Fals ket tRRREERRE Guskhynl) "SdAC kS Onee. T
is believed tepsileohcaming oypoeic Said dEAGAper beddi ng does not result in an
| nmune response. Crosslinked fibrin degradation products (XLFDPs)
weare prepared by the addition of thrombin (4NIH units/mlL) to
§ a zivrinegen solution (5 mg/mL) in Tris buffered saline
(TBS, PH 7.4, 50 mM Tris HCl, 150 mM NaCl) containing 10 =M
Caclz, plasminogan (0.25 mng/nl) and urokinase (%0 IU/mL).
The nmixture was incubated at 37°C and the plasmin digestion
terminatad at different tinme intervals as descridbsd herein-
10 above for the FDPs.
To deternmine crossreactivity of the antibody with
tibrin dagradation products and fibrinogen degradation
products the appropriate degradation products wers coated
‘onto microtiter plates and ELISAs wers performed by
15 conventional methods. As the results in Table 7 indicate,
the MH1 antibody does not crossreact with any plasain
generated fibrinogen degradation products. As table 8
indicates, the antibody does not react with XL-fibrin
degradation products. This observation alsc was made when
20 the antidody was tasted for crossreactivity by Westarn
bletting analysis.
The conclusion can be drawn that the antibody
recognizes an epitope of the intact fibrin molecule which is
not present cor axposed on the surface ¢f the precursor
~ &5 molecule, fidbrinogen. The epitops is apparently degtroyed
by plasmin digestion af crosslinked £ibrin as tha data in
table 8 suggext. '
Accordingly, the MH1 antibedy is ¢ fibrin-specific
monsclonal antibedy which can be dafined as follows:

30 ' For the purpese of the subject invention a
fibrin-specific moneclional antibody is a monoclonal antibody
that:
35
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The partlcular CD diet for a given species would use such conponents in

.propértions and quantities so as to 30 fulfill known nutritional

requi re uch species. The conposition and prepar
preferrgg%%%ﬁfor gernfree mce is as follows: -aﬁé'@@gosjs‘on and
preparation of chemcally defined diet L489E14Se Ingredlent

Amount (qrams/ 100 5 =46~

grans of Ingredient) To 192 M M1 1i- Q water at 70-C the follomnng are

adde: Leuci ne 1.9

1. in a competition assay to measure crossreactivity with
"fibrin and fibrinogen, as described hereinadbove, the
monoclonal antibody has less than about 75%, and
preferably less than about 10%, crossreactivity with
2ibrinogen when fibrinogen ism utilized in a cuantity of
5 a 1,000 fold excess as compared to fibrin,

2. in an assay to measure crossreadctivity with crosslinked
gibrin and fibrin dagradation products, as describad
hereinabove, the reactivity cof the amenoclenal antibody
with the fibrin that has been dige=*~4 with plasmin for

10 about thres hours is lsss than about 50%, and preferably
less than adout 40%, of the reactivity of the moneclonal
antidedy with £ibrin at time zero, and

3. in an assay to measure crossreactivity with fibrinegen
and fibrinogen degradation products, as described

15 hereinabove, the reaactivity of the monoclenal antibody

' with fibrincgen that has been digested with plasmin for
about four hours is no greater than the reactivity of
the monoclonal antibedy with fibrinogen at time zero.

The MHl antibody has been further characterized by

20 deterazining its affinity for fidrin. The affinity vas
deternined by Scatchard analysis (Prankel et al., Molecular

Inmunclogy, 16, 101-106(1979)) using 125I-labelied MH]

antibedy. The value cobtained for the dissociation constant

Ky vas 6.7 x 30717 ®. sSuch affinity is about 5,000 times

25 that of the affinity of t-PA for fibrin.

It has alsc baen deternined by Western
Inmuncbhblotting analysis that the MH1 antibody doss not
crossreact vith the Aa, B2 or gamma chains of fibrinogen.
Also, it has bean determined by the same methcd of analysis

30 that the MH1 antibody doas not crossreact with thrombin
treated Aa or By chains of fibrinogen. (Thrombin treatment
of fiprinagan'xcsults in the relsass of fibrincpeptide A and
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Phenyl al ani ne 0. 74 | sol euci ne

4.08 +10. Ket hi oni ne 1 .06
Tr ypt opharwo 89/12690 0. 37 Val i peT/US89/02545
1. 23 Aspar agi ne ' 0.91 Arginine HC
0.81 Threoni ne - 0. 74 Lysine HC1
1.77 15 Hi sti di ne HC —49- 0.74 The
solution is cooled to 45-c and the foll owi ng added: d ycine
0.59 Praline . 1.48 Serine
1. 33 Al anine 0.59 20 Sodi um
8' gtzamat e fibrinopeptide B from the Aa chadnihd Bigyengigle ethyl ester HG

' respactively, therefore forming the o chain and 5 chain of

gibrin.)
TABLE 7
5 Crossreactivity of MH1 Antibody

with Fibrinogen Degradation Products

Plaszin Digestion Time

(mins) 2405 nm/33 nin
10
;1 453
0 0.15 1.037
10 0.10 nn
15 20 0.11 1.02 .
40 0.11 0.410
60 0.10 - 0.330
240 0.09 0.300
20
TABLE 8
25
Crossreactivity of MH1 Antibedy
with Fibrin Degradation Products
Plasnin Digestion Time
(hours) ~A405 nm/30 min
3
o 453
35
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Ferrous gl uconate 0.05 Salts 35D err]

0. 105" Sodi um Sal onite[err] 0. 074 Sol ution
cooled to 5-¢ and the foll ow ng added: Cal cium gl ycerophos

5.22 Magn¥P#H138%0cer ophosphat e 1. ?ﬁ%ﬁﬁ?l’%s
chloride 2a -5¢d. 185 Sodi um chl oride - Potassi um
| odide (KI) mx 0. 086 (containing 680 ng Kl) 0.086 Vitamn B m x
111E5 0.09 Vitam n Bl12

1.20nmg 30 Chol i ne chl oride 0.31

Pot assi um aceat e 1.85 To 108m Mbi 111i Q
wat er at 70-C D Dextros@, anhydrous was adde€.8%0 1.4D. 28 35

Sol utions cooled to 5-C5and conbi ned both for r ultrafiltration.

5 0.310 0.77

In addition, as the results in Table 7 indicate,

5 the control antibody, 457 antibody, binds to fibrinogen and
does not crossreact with fibrinogen degradation products.
Accordingly, such a mencclonal antibody is a 2ibrinogen-
spacific monoclonal antibody and rapressnts anothar aspsct of
the subject invention. The fibrinogen~spscific moncclional

10 antinody can be utilized in any immunocassay that can be
utilized to determine plasma fibrincgen levels in vitroe. The
453 antibody has been further characterized in that it has
been deternmined that the 457 epitope is on the Az chain of
tibrinogen in the region from about amino acid 206 to about

15 424 and most likely in the region from about amine acid 207
to about 231. For the purpose of the subject invention, 2
tibrinogen-specific monoclonal antibody is an antibody that
in an assay to measure crossreactivity with fibrinogen and
fibrinogen degradation products, as described hereinabove,

20 the reactivity of the monoclenal antibedy with fibrincgen
that has been digested with plasain for adout 40 minutes is
less than about 50% of the reactivity of the monoclonal
antibody with gibrinogen at time zero.

The 453 hybridema was pade by conventional

26 techniques utilizing a cenventional Balb/c mouse wherein the
nouse vas immunized with 2ibrin. However, fibrinogen also
can be utllized as the antigan.

. 5.5.3. DETERMINATION OF CROSS REACTIVITY
WITH RONCROSSLINRED FIBRIN AND
o NONCROSSLINKED FIBRIN CLOTS
It has been demoristrated by ELISA that the antibody
MH1l crossreacts with not only cresslinked £ibrin (XLFn) but
alsc noncrosslinked fibrin (NONXLFR). The ELISA was
performed as follows:
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23- 1Cbnpositioh of salts 35D m xture given in table 3 2Added in addition
to sodiumselenate in Salts 35D 3conposition of vitanmin B i

stated i nW?aH?KQ“ﬁ*’ Added in addition to vitamn B-12 in vi tpwﬁgégﬁ?s?lll%
(see EXAMPLE herei nbel ow) Such conposisgeon is fed to mce or rats ad
libitum 5 Conposition of Iipid supplenment LADEK 69E6 | ngredi ent

Amount per daily adult does* (0.385nl) Purified soy triglycerides[err]

0.33g Retinyl palmtate _ 6.45mg (11.7 1.U.)

Chol ecal ci ferol : 0.0288ng (1.15 1.U.)
1. 96 well microtiter agsay plates weére coated

with 100ul of a fibrinogen solution (SOug/mL in borate
(pH8.5) saline buffer). at ¢°C overnight.

2. Crosslinked fibrin was formed in the fibrinegen

coated wells by incubation for 1 hour at 37°C with a throumbin

5 golution (1ONIH units/ml) in Tris buffered saline (TBS, pK
7.4, SomM Tris RCl, 1S0mM NaCl), containing 2mM Caclz and
10mM cysteins.

3. Nencrosslinked £idrin vas formed in the
gibrinogen coated wells by incubation for 1 hour at 37°C with

10 a thrombin solution (10 NIH units/ml) in phosphate buffer (pH
6.1) containing EDTA to a final concentration of 0.0123NM.
4. The bound antibody was deterained by incubation
‘with an antimouse alkaline phosphatass conjugate. Bound
conjugate was determined by the addition of an alkaline
15 phosphatase substrate and the resultant colorimetric reaction
monitored at 405nM in an automatic plate reader.

The results of the assay are shown in Table 9 and
it can be concluded that the antibody crousrcactivicy with
crosslinked £ibrin is greater than it is with noncresslinked

20 ‘fibrin. The simplest explanation being that the covalent
cresslinking present in the crosslinked polymeric structure
Serves to lock or freeze the conformaticn which the antibody
recegnizes. In the noncrosslinked species the conformation,
although it is formed, it is not stabilized by covalaent

25 bonding of the polymer.

It has also been demonstrated that the antibody
crossreacts with both crosslinked and noncresslinked clots,
formed in vitro. Cresslinked f£ibrin was prepared by
incubating a fibrinogen soluticn (In Tris (5ohn, pH7.4)

30 sgaline, containing cacl, (2mM) and cysteine (10mM)) with
thremdin (1ONIH units/ml) for 3 hours at 37°C. The non-
croaslined £idbrin was formed by incubating a fibrinogen
solution (3mg/ml) in phosphate buffer (pH6.l1l) containing EDTA
to a final concentration of 0.0125M with a thrombin solution
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2 anbo al pha t ocpher al 3.3ng 2 anbo- al pha-tocopherol acetate

6. 6ng” 15 Phyl | oqui none 72ng *L.acating mce receive
twi ce 't heywgpgorpdgo@dul t dome. Consi sting of: 12% pal m t at pQT/ARBY0EAB at e
24% ol eata 55% 11 nol eate 20 8% linolenate For a

detail ed description of CD diets see_geasants, J.R, et al., J. Nutr-,

116, 1949-1964 (1986), Pleasants, J . et al., Gbrnfree Research M croflora
control 25 and its Application to the Bionedical Sciences. B.S. Wstmann,
Ed., p. 87, Liss, New, York (1985): Wsstmann, B.S., et al., J. Nutr., 112.
552 (1982): and Pl easants, J.R, et al., J.-Nutr., 100, 498 (1970), the

di scl osures (IONTH aimigsenl hctorpdr houwss RS AM1Chy After dogwation of the

clets, they were washed and incubated at 37°C with 400ul of a
1% BSA solution containing 12570dine-1abelled MKL antibody.
Small aliquats of solution wers ramoved at different tize
points and the amount of antibody uptake was determined by
5 counting the plasma in a gamma counter.
Table 10 shows the uptake of antibedy by both the
noncrosaslinked and crosslinked clots.

10

15
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30 4.4 PRODUCTI ON OF MONOCLONAL ANTI BODY The gernfree animal is then
utilized roducti on of nonocl onal antibodies. The tem
can be ut F"%Q%%? produce a nonocl onal anti body to any an?%}eun@gg}z%t t he
animal in a nongernfree state could pr ce. An -24- exanplary list of
antigens appears in U's. Patent 3,935,U74. However, it is believed that the
gerntree ani mal provides a nuch enhanced i mmune response to the antigen. '
Thus, one can increase the likelihood of |ocating a B-Iynphocyte that
produces an anti body that is capable of binding to a specific 5 epitope of

the antigen. This is a mpjor advantage of the subject invention. In
addition, it is believed that the TABLE 9

Crosgreactivity of MH1 Antibody with Crosslinked and
Noncrosslinked Pibrin

S Antidody Crosslinked  Noncrosslinked
Concentration Pibrin Fibrin
(ng./ml.) (Absorbance at 40% nanocmeters)
160.000 0.764 0.409

%$0.000 0.460 0.31%
10 25.000 0.305 0.154
12.500 . 0.174 0.074
€.250 0.069 0.000

15 TABLE 10

Crossreactivity of MH1l Antibody with Cresslinked
and Noncrossliinked Fibrin Clots

Fibrin Clot % Uptake of Lahelled Antibody After 8 Hours

20
Crosslinked 79%

Noncrosslinked 763%

a5

5.6, DEPOSIT OF HYBRIDOMA
MH1l and 457 wers deposited in the American Type

Culture Collection (ATCC) on June 9, 1988 and given accession
number HB8 9739 and HB 9740, respectively.. The ATCC is

30 1occated at 12301 Parklawn Drive, Rockville, MD. 20852. MH1
antibedy is an Igcl antibody with a kappa light chain and it
has been cbserved that the MH1 antibedy crossreacts with not
enly human fibrin but alsoc rabbit fibrin.
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gernfree systen1|s particularly useful for generating a highly specific
anti body for those antigens with nunerous epitopes. 10 The
gernfree ¥08®M2694n be i mmuni zed by standard techni ques. HBGEAUSSH/0234S s
preferred that the gernfree aninmal be i munized at |east three tinmes with
at | east about three weeks between ea$k=i muni zati on, followed by a

prof usi on booster. It is believed that this increased | evel 15 of

i mruni zati on nmay be necessary because it has been observed that after two
I muni zations, which is customary, there are still nDstIy | gM secreting

B-1ynphocytes rather tgfaghg hg@ ﬁejfnwfm@%chgﬁ Z‘L‘J‘ﬂ?‘ﬁg‘f %av ngx#ﬁgm 20

4.5. SOVATIC CELLS Somatic era
potential foiRpReeRRi%Ry the hubridanns dPE‘% %ed MﬁaﬁhWIWHMésd 8 e

suitabl e for af gshgre VillustrBtion o nybeiBobis chathpeeaedid kodrpipduci ng
celI's that apgylielfNGonecional antibody and & 2ibrinogen-specitic
nonoclonal antibody, as detined herein. Any cell line that
5 {e functionally eguivalent is within tha scepe of the subject
invention. By the terz "functionally equivalant® it is meant
that an antibody is capable of competing vith the MH)
antibody or 453 antibody in binding to the epiteps of fibrin-
to which the MH1 antibody binds or to the epitope of
10 fibrinogen to which the 457 antibedy binds, respectively. In
addition, such terz includes fibrinw-spacific moneclonal
antibodies and fidrinogen-specific monoclonal antibodies, as
daefined herein, that bind to an epitope different from that
which the MH1 antibody binds and the 45J antibody binds,
15 respectively.

5.7. 1IN VIVO DIAGNOSTIC AND THERAPEUTIC USES
FOR_FIBRIN~SPECIFIC MONOCLONAL ANTIBODIES

'§.7.1. CLOT/VASCULAR DISEASE LOCALIZATION

The fibrin-specific moncclenal antibodies of this
invention are capable of targating fibrin clots or
aggregation of fibrin in vive. They can, therefore, be used
in humans for localization of possible tissue or vascular
danage and for menitoring of vascular diseases. A fibrine
specific monoclonal antibody is particularly preferred for
this uss because such monoclonal antibedy will not bind to
fibrinogan, fikbrin degradation products and fibrinogen
degradation products, thersby reducing background, which
parnits ons to more precisely localize the £idbrin clot or
aggregation of fibrin.

For this applicatijon, it is preferabls to use
purified monoclonal antibedies. Preferably, purification may
be accomplished by HPLC mathodg. Purification of moneclonal
antibodies for human adminigtration may also khe accomplished

20
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25 d|V|d|ng plasna hl ast stage fuse preferentially. Somatic cells can be
derivéd fromthe | ynph nodes, spl eens and peripheral blood of primed
gernfree aWQr%ﬂ/EZ,“énd the |ynphatic cells of choice depend RGI/NSBYPE4S
extent on their enpirical usefulness in the particular fusion system 30
However, somatic cells derived fromthgsspl een are generally preferred.
Once prinmed or hyperi muni zed, gernfree aninmals can be used as a source of
ant i body- produci ng | ynphocytes. Muse | ynphocytes give a hi gher percentage
of stable fusions mﬁth t he nouse nyel oma |ines descri bed herei nbel ow.

animals i s al BY ERuThL uppRey i 3dTn Sedizars preflusituclcheliciee
depends on t hbycidlysis agningfersalioe hnd|tiki:saﬁbnaitltuﬁiznnébgernfree
ani mal have a,Bedy B iVelyS iBmidcaseinity chromatography techniques may
be used to purify the monoclonal antibodies.
The purified moncclonal antibodies can be labelled
5 with radicactive compounds, for exanple 123 I, 125 I, 131 I,
99mrc, i In, and adninistered to a patient intravencusly.
The antibody also can be labelled vith a magnetic proke. NMR
can then be utilized to pinpeint the clot. Aftar
localization of the antibodias at the clot or fibrin
10 aggregatiocn they can be detescted by emission tomegraphical
and radionuclear scanning technicgues thereby pinpeinting the
location of, for exazple, the thrombus or fibrin encapsulated
~ tumor. _
By way of illustration, the purifisd monocional
5 antibody is suspended in an appropriate carrier, e.g.,
saline, vith or without human albumin, at an appropriate
desage and is administered to a patient. The monclonal
antibodies are preferably administered intravencusly, e¢.q.,
by continuous intravencus infusion over sevaral hours.

5.7.2. TREATMENT OF VASCULAR DISEASES .
WITH MONOCLONAL ANTIBODY CONJUGATES
The monoclonal antibodies of this invention can be
used in cenjunction vith a broad range of pharmaceutical
- 25 agents such as cytotoxic reagents and thrombolytic reagents,
e.g. t-PA, urckinase streptokinase, and other proteases that
are cspable of lysing fibrin. Such use is particularly
preferrad because the fibrine-specific mencclonal antibodies
of the subject invention pernit a vary efficient use of such
30 reagents because none of the reagent will be lost by binding
to fibrinogen, fibrin degradation preducts or fibrinogen
degradation products, For varicus vevisws on the subject,
see Bale et al., 1980, Cancer Research, 40:2965-297; Ghose

and Blair, 1978, J.Natl. Cancer Inst., 61(3):657-676;
as
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repertoire of B-lynphocytes that can produce an anti body to such antigen.
4.6, " MVORTALI ZI NG CELLS Speci alized myel ona cell |ines have been

devel opedwis ssniegaphocyte tunors for use in hybri doma- pr odBCTAHSHH2845N
procedures (G Kohler and C. MIstein, 1976, Eur. J. Immunol. 10 6:511-519:
M Schul man at al., 1978, Nature 276:269-270). The cell lines have been
devel oped for at |east three reasons. “9% first reason is to facilitate the
sel ection of fused nyeloma cells. Usually, this in acconplished by using
nysl omas with enzyne deficiencies that render themincapable 15 of grow ng
in certain selective nedia that support the growth of hybridoxas. The

secgnd r?ﬁ50056546¥¥13359”1§f¥3'N@Eﬁ%ﬁntzéi“idﬂJlth & Quig tﬂﬂ@% cells to

Fgoogtcgl ; Ie|r own an !B |SelgW TIIS‘"R‘USPose Q{t !tngs OC}%B% ec EI ques is

si ngl e speci fReswits CaneeycRes.,c ISk g29+2Ht ed by the

The methods used for binding these agents to the
monoclonal antibody molscule can involve either non-covalent

S or covalent linkages. Since non-covalent bonds ars more
likely to ba broken bafore the antibody complex reaches the
target site, covalent linkages ars praferred. Ffor instance,
8 carbodiimide bond can be formed betveen the carboxy ¢roups
~?¢ tha pharzaceutical agent and the amine groups of the

10 antibody molecule. Bifuncticnal agents such as dialdehydas
or imidoesstars can be used to link the azino group of a drug
te amino groups of the antibody molecule. The Schiff base
- reaction can be used to link drugs to antibody molecules.
This method involves the pericdate oxidation of a drug or

15 cytotoxic agent that contains a glycol or hydroxy group, thus
forning an aldehyde vhich is then reacted vith the antibedy
molecule. Attachment occurs via formation of a Schiff base
with amine groups of the antibody molecula. Additionally,
drugs with reactiva sulfhydryl groups have bsen coupled to

20 antibody molecules.
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sonatlc cell conmponent of the hybridoma. To elimnate the production of

t umor® cel ' ies by the bybridonas, nyeloma cell line of
produ0| ngwcf%k%gg heavy i mmunogl obulin chains or those deéﬁ%ﬁ?ﬁ?gﬁ@

anti body 25 secretion nechanisns are us@¢. A third reason for sel ection of
these cell lines is their suitability and efficiency for fusion. Several
nmyel oma cell lines can be used for the production of fused call hybrids,

i ncluding NS-1, X63-Ag8, 30 NI S-Ag4/l, MPO 1-45.6TGL. 7, X63-Ag8. 653,
Sp2/ O Agf 14, FO and S194/ 5XX0. Bu. 1., al | dewinmiv Afpaibstetesy and

210- . RCY3. Agl waHAAuiJ44an44ﬁ4h-:#f}Jm—bhgne&Lhngr_u__—HanneﬁLLng and
J.F. Kearnly, ads 1981, Monocl onal JMCROSAPANIENR v i domes In J. L.
Turk, eds. Resear CheMbBiogs apas s i alnidiadhia o)y 0oo0lQL. . Ime 30 EL 8 @\@ked Nor tih
Hol | and Bi onedi cal | Rrasswarvas sveverr
] Tomner Sraoeme wie Wonlied o8t ot BSumd shost [}
Bens ol $eposieny Dollutinn § ‘:T —
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-26- *4..7. FUSI ON Met hods for generating hybrids of antibody- producing

spl een orné¥$ph node cells and imortalizing cells generally conprise

m Xi ng so 8942090 wi t h imortalizing cells'in a proporti gerwdsska
vary fromabout 20:1 to about 6 1:1 in ng_presence of an agent or agents
(chemcal, viral or electrical) that prondote the fusion of cell nenbranes.
It is often pregerred that the sane species of aninmal serve as the source
of tie smantic and imortalizing calls used in the fusion procedure. Fusion
met hods have been described by 10 Kohler and MIstein (1975, Nature

256: 495-497; 1976, Eur. J. Inunol. 6uztfodmghursmg Cefter at al. (1977,
Somatic Cell Genet. 3:231-236) and by Kozbor et al., 1983, | munol ogy
Today, 4, 72. The L ol t4 e by those investigators were
Sendai virus and pé“é%?ﬂ?feﬁg g?é%ﬁﬁg; Ebf1d6¥ion

12301 Parklawn Drivs
Rockville MD 20852 USBA

] Deposited on June 9, 1988 Accession Number 4B 5740
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15 (PEG, respectively. One can also utilize the recently devel oped EBV-
trdnsformation techni que (Cole et al., 1985, Mnoclonal Antibodies and
Cancer- ThW@f8/1268ban R Liss, Inc., pp. 77- 96). 20 4.8. |BRO/NEBUVREHE
CLONES AND ANTI BODY DETECTICN Fu3|on pisdeedur es usual |y produce-viabie

hybrids at very I|ow frequency, about 1 X 10[errJto T X 10 “g}\ﬂm\we of

the I ow frequency of obtaining viable hybrids, it is 2 ve a
means to select fused call hybrids fromthe renaining
particularly the infus*d nyeloma cells. A neans of detectlng the desired
anti body- pro@ucbggi@ybrldonas anong the other resulting fused cell hybrids
Is al so necessary. 30 Cenerally, the fused cells are cultursd in
selective nedia, for instance HAT nedi um which contains

1. A methad for ths production of a monsclonal

antibody to an anti&.n comprising:

(a) immunizing a germfree animal with said antigen

5 to permit antidody-producing cells to produce
antidbodies to said antigen,

{b) removing at least & portion of said
antibody~producing cells from said gernfrea
animal, '

10 (c) forming a hybridoma by fusing one of said
antibody~producing cealls with an immortalizing
cell vherein said hybridoma is capable of
preducing a monocleonal antibedy to said
antigen,

% (d) propagating said hybridoma, and

(¢) harvesting the monaclonal antibedies produced
by said hybridoma.

2. The method of claiam 1 wherein saiad germ:roe
20 animal is an antigen-free animal.

3. The method of claim 2 wvherein said antigen-free
animal is selectad from the group consisting of a mouse, rat,

pig, guinea pig, poultry, a goat, a sheep, primate and a
25 rabbit.

4. The mathed of claim 3 vherein said antigen-free
animal ig a mouse.

30 5. The mathod of claim 4 wherein said mouse is a
Balb/C mcouss.
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hypoxanthlne aiinopterin and thym di ne. HAT nmedium permts the
prorlferatlon of hybrid cells and prevents growth of unfused nyeloma clls

whi ch -nor gl \%)dgl d continue to divide 35 indefinitely. Apicipoégyizad! ocks
de nova purlne an -27- pyrimdine synthesis by inhibiting the -

production of tetrahydrofal cte. The addi élon of thqudLne'bypé“Ses t he

bl ock in pyrimdine synthesis, while hyE xanthine is i “ﬂ“‘ﬂ di a
so that inhibited cells can synthesize purine using th%m‘&m(“ age
pat hway. The nyel oma cells enployed are nutants |acki nfshypoxantthi fi
phosphori bosyl transferase (HPRT) and thus cannot utilize the salvage

pathway. In the survi v%ng ﬂ)(q,{ qmgm&g.néyr%ﬁgaﬁﬁfww eirggggéi Qs

information for praoducti on™of enz
an antigen comprising contacting said antigen with an

antibody, the improvement comprising employing for said
antibody an antibody derived from a germfree animal,

s 7. The iszmuncassay of claim € vherein said
antibedy is a monoclonal antibedy.

8. The immuncassay of claim 6 wherein said
antibody is a pelyclonal antibedy in =erux.
10
9. The method of clain 7 or 8 wvharein said
gernfree animal is an antigen-fres animal.
1¢. The method of claim 9 vherain said antigen-
19 free animal is selected from the group consisting of a meuse,

raz, pig, guinea pig, paultry goat, sheep, pPrimate and
rabbit.

11. The methed of claim 10 whersin said antigen-
20 free animal is a mouse. ’

12. The nnthqd of claiz 11 vherein said mouse is a
Balb/C mouse. ’

* 13. In a methed for localizing an antigen in vive
comprising administering a monoclonal antibody with a
suitable carrier to a human and detecting localization ef
said monoclonal antibody, the improvenment comprising
enploying for said monoclonal antibody a moncclonal antibody

N derived frem a germfree animal.

14. The method of claim 13 vharein said germtree
anipal is an antigen~fyes animal.
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| ynphocytes thenselves have a limted |ife span in culture 10

¢approxi mately two weeks), the only cells which can proliferate in HAT
medi a~ar ewipygw12890 f oned from nyel one and spl een cel|s. To RG/USBYEISMS
screeni ng of antibody secreted by the hybrids and to prevent .individuat—-
hybrids from overgrowi ng 15 others, thegjyd xture of fused nyel oma_and

B-1 ynphocytes is diluted in HAT rredl umand cultured in nmmn I\I “Q‘
mcrotiter plates. In two to three weeks, when hybrid cl | e
m croscopically, the supernatant fluid of the individual Wwells cont ai ni ng

hybrid clones is assayed for 20 specific antibody production. The assay
must be sensitive, simgs.e ¥hé seficd ofsekyid ashwhatetn isxddide

nasays. 25 anelgen FEd Sn R HENNIRRR RSN K0 B RRERARRIRRIRECC" e
desired fuse8l veukenat,dPigavinas pig, poultry, goat, shesp, primate
and a rabbit.

S 16. The method of claim 15 wherein said
antigen-frae animal is a mouse.

17. The method of claim 16 vherein said mouse is a
Balb/¢ mouse.
10 ‘
i8. In a method for utilizing a ponoeclonal
antibody therapeutically comprising administering to a human
in need of therapy said monoclonal antibody, the improvement
comprising employing for said monccional antibody a
15 meonoclonal antibody derived from a germfrea animal.

19. The nethod of claizm 17 wherein said germfree
animal is an antigen-free animal.

20 , 20. The method of claim 19 wherein said antigen-
free animal is selected from the group consigting of a mouse,

rat, pig, guinea pig, poultry, goat, sheep, prigate and
rabbit.

25 21. Tha method of claim 20 vhersin said antigen-
free animal is a mouss.

22. The method of claim 21 wherein said mouse is a
Balb/C nmouse.

23. A fibrin-sgpecific monoclional antibody.

24. The monoclonal antibody of claim 23 produced
by the fusion of an immortalizing cell and a cell capable of
35 producing a fibrin-specific antibody.

B i




. S

selected and cloned i.nto individual antibody-producing cell |ines, each
¢el” fine can be propagated in either of two standard ways. A sanple of the
hybri done womsenae9nj ected 30 into a hi stoconpatibl e ani nal ROT/U$8Y/0284% t hat
was used to provide the somatic and nyeloma cells for The original fusion.
The injected animal devel ops tunors secreting the specif

anti body produced by the fused cell hybﬁ?—d. The body fl uj Wﬂ'ﬂqm W!JHH,
such as serumor 35 ascites fluid, can be tapped to provide dD

ant i bodi es in high concentration. Alternatively, the individual cal

| i nes can be propagated in vitro in | aboratory culture vessels. .The culture
medi um cont ai ni ng hi gis compeninendéIvralobntibodylcr TRaekl 26 wHaredhonal

anti body, canBg DRy Sl of CEAMIrY s FLbHA W18 c (N AldayoTh! On

obtained from an antigen-free animal.

26. The moncclonal antibody of claim 25 whersin
$ said antigen-free animal is a mouse.

7. The moneclonel antibody of claim 26 wherein
said antigen-free mouse is a Balb/ec mouse.

10 26. The moncclonal antibody of claim 24 wherein
said immortalizing cell is a myeloma cell.

29. The monoclonal antibody of claim 24 wherein

's2id myeloma cells is a mouse myelcma cell.
15 )

30. The monoclonal antibody of claim 23 wherein
said monoclonal antibody is a moncelonal antibody having the
identifying characteristics of the monoclonal antibody
produced by the hybridoma ATCC HE 9739.

20

31, A continuous cell line which produces a
fibrin-specific monoclonal antibody comprising a hybridoma
formed by fusing a cell capable of producing a
fibrin-specific antibody with an immortalizing cell.
25 i

"32. Hybridoma cell line ATCC HB 9739.

33. The monoclonal antibody of claim 23
conjugated to an imaging agent or a therapeutic agent,

34, In a method for localizing a f£ibrin clot or
aggzegation of £ibrin in vive comprising administering a
monoclonal antibody with a suitable carzrier and detecting
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S 4,10. USE OF THE MONCCLONAL ANTI BODY The nonocl onal antibodi es made by
tthe nethod of the subject invention can be utilized in any éﬁﬁﬁg&@ﬂgéknomn
or to-be WOR/H¥8% in the future that utilizes a m)nocloneﬁ"____~ dy. A
maj or use of nonocl onal antibodies is in an i muneassay, Wwhich j e
“ﬁf#*ﬂerally
S ®

measur enent of the antigen-antibody imbéraction. Su mmgﬂ“/m

het er ogeneous or honobgeneous. I n a honbgeneous innuﬁ

i munol ogi cal 15 reaction usually involves the specific‘antibody, a |abeled
anal yte, and the manple of interest. The signal arising fromthe | abel is
nodi fied, digect Iy e B €] I u I pdi anti body to the

| abel ed anal g%.i%&qﬁzbggb{‘eéémr%’iggi&g%félrmgxggt Pg% an 'dtet':&gction of the
extent ther eppTayeneat: GRRPEINING: erpley inth s uaid 2onaaleBAl | munocheni cal
| abel s whi chaffdbddy aMEibyes-spediigde horiatlondlcahtidody.

35. In a method for utilizing a monoclonal
E antibody in conjunctien with a thrombolytic resgent for the
treatment of thrombosis comprising adminigtering to a human
in need of said treatment a monoclonal antibody in
conjunction with a thrombolytic agent, the iaprovement
comprising employing for said menoclonal antibody a fibrin-
10 gpecific moneclonal antibody,

36. In a method for utilizing a moncclonal
antibody in conjunction with a cytotoxic reagent for the
treatment of a fibrin encapszulated tumor comprising

15 administering to a human in need of said treatment a
monoclonal antibody in conjunction with a cytotoxic reagent,
the improvement comprising employing for said monoclonal
antibody a fibrin-specific moncclenal antibody. '

20 37. fThe method of claim 34, 35 or 36 wherein said
fibrin-gspecific monoclonal antibody is the monoclonal
antibody of claim 30.

38. A fib;inogen—specific monoclonal antibhody.
25 i '
39. The monoclonal antibody of clisam 38 produced
by the fusion of an immortalizing cell and a cell capable of
producing 8 fibrinogen-specific antibody.

X 40. The monoclonal antibody of claim 38 wherein
said immortalizing cell is a myeloma cell.

41. The monoclonal antibody of claim 40 wherein

said myeloma cell is a mouse myeloma cell.
as

e
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flyogescent dyes, enzynes, bacterlophages coenzymes, and so forth. The
fra) or” advant age of a honbgeneous i maunoassay is that the specific antibody
reed hot p@ g9 ted fromthe 25 | abel ed analyte. In a hqﬁgqgg@n@guﬁ

| munoassay, t e ragents are usually tlg~speci men, the specific antibody,
and neans for producing a detectable signal. The specinen is generally

pl aced on a support, such as a plate or a slide, and 30 contacted wth the

antibody in a liquid nhaserhiTEbnﬁﬁaﬁﬁhl ant vy %!peliiﬁﬁbdzhﬁﬁkhbﬂ liquid

phase and ei h UI pha X for a
detect abl e s+€§é g"gﬁ;ﬁigp‘l ng ans 3‘? b %%&ﬁd’ ég‘?ﬁaﬁ‘ "?ﬂ naI S
related to th@eﬁhiixinsecbﬂfﬂﬁéigiiﬂiﬁﬂeﬂﬂnth#u!ﬂubcépaclrnﬂtihﬂﬂ!ns for
produci ng a gebdsded /iy thenNBybs UdedIRATCC HB 9740.

. 43. A continuous cell line which produces a
£ibrinogen-specific monoclonal antibody comprising a
5 hybridoma formed by fuaing a cell capable af producing a
fibrinogén-lpecific antibody with an immortalizing cell.

44. Hybridoma cell line ATCC HB 9760.

10 45. In an immunoassay for the determination of
plasma fidrinogen levels in vitro comprising contacting said
plasma fibrinogen with a moneclonal antibody, the
improvement comprising employing for said monoclonal
antibody a fibrinogen-specific monoclenal antibody.
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<t:he use of radioactive labels, fluorescers, enzymes, and so forth.
Exam:ﬂ ary of heterogeneous inmunoassays are the radi onunossay,
immunof{ uor oescenca net hods, enzyme-|inked i munoassays, and t _::”73

a nore detailed di SI on of the techm quAROME
nEnzyma- IIrrrrunassai’ by Edwar“é? leﬁ%a g{f“ﬁ,ﬁ%ﬁ?&éaﬁxﬂo BocSed on

2y a0 RaB bl AP Blosd s i siPeiinn 8?3{9%“&*% en

3,984, 53 ts:ﬂ:&%omk&mmxﬁdmﬂ% 876, Nhl Cln 1} fordrhduibngs phblicinde Nuberi Nt eNAd&ND 897106
exhaust i CRB2HOP, GEING/S66c of ronotl onal antibodies are in vi vo i maging
and t her ape;ﬁﬂ@éfﬁTﬁﬂ 305, 400 ant | b@di s can be | abell ed wi
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(57) Abstract

» production of monocional antibodies. The method utilizes an immunize
for the use of such monoclonal amibodies, and polyclonal antibodics de
and in vivo clinical diagnostics and therapeutics. Also, the subject inver

The subject invention relates to a method f
germfree animal. The invention also provides 4 m
rived from an immunized germfree aninial, for in v
tion provides a fibrin-specific monoclonal antibody.
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. . o  9bvgxxoer
magnetic probe. NVR can then be utilized to pinpoint the antigen. After ‘

| ocal i zation of ;the antibodies at the antigen, the antigen can be detected
by emi'ssi on toanraphlcaI and radi onucl ear scanni ng techni ques, thereby 20
pinpointing the location of the antigen. By way of illustration, the
purified nonocl onal antibody is suspended in an appropriate carrier, e g.,
saline, with or without hunman al bumi n, %t an appropriate dosage and is

adm ni stered intravenously, e.g. , by continuous 26 intravenous infusion
over several hows, as i ﬁt er Diagnosis

and Therapy (1982), inco nocl onal
anti bodi es of subject i Ant i bodi es

with the proper ‘30 biol ogical, propeltigs are Wsef olrectly as therapeutic
agents., Alternatively, the aht | Pk +0 a toxin to form an

i munotoxin or to a raﬂé’%ﬁ%ﬁ%‘ﬂﬁonon:elatu a method for the

production of monoclonal antibodies. The method utilizes an
immunized germfree animal. The invention alsc provides a
methed for the use of such monoclenal antibedies, and
polyclonal antibodies derived frem an imsunized gernmfree
animal, for in vitro and in vivo clinical diagnostics and
therapeutics. Alsco, the subject invention provides a
gibrin-spacific monoclonal antibedy.

10

2. BACKGROUND OF THE INVENTION
Kohler and Milstein are generally credited with
having devised the technigues that successfully resulted in
the formation of the first poneclonal antibody-producing
hybridomag (G. Kohler and C. Milstein, 1975, Nature 256,
495-497; 1976, Bur. J., Immunol. 6, S511-519). By fusing
antibedy-forming cells {(splaen Belymphocytes) with myeloma
cells (malignant cells of bone marrov primary tumors) they
.Created a hybrid cell lina, arising from a single fused cell
hybrid (callad a hybridema or clene). " The hybridoma had
inherited certain characteristits of both the lyzphocytes and
the nysloma c.l;'linos. Like the lymphocytes, the hybr:duma
gecreted a iingl- type of imsunoglobulin: mereover, liks the
myeloma cells, the hybridéma had the potential for indefinite
cell division. The combination of these two faatures cffered
distinct sdvantages over conventional antisera.
‘Antisera derived from vaccinated animals are
variable mixturas of pelyiélonal antibodies which never can be
' reproduced identically. Monoclonal antibodies are highly
specific immunoglobulins of a single type. The single type
of immunoglobulins secratied by a hybridoma is specific to one
and only one antigenic dsterminant, or epitope, on the
antigen, a complex melecile having a multiplicity of
antigenic determinants. Fer instance, if the antigen is a
protein, an antigenic determinant mny be one of the many
Ha“LA.“?rNT SHEET
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drug to form a radi opharmaceuti cal or pharmaceutical. 35 -30- Met hods
for prodéci ng i munot oxi ns and radi opharmaceuticals of antibodies are

wel | - known (see, for example, cancer Treatnent Reports (1984) 68:317-328).
It also is believed that- pol ycl onal antibodies derived froma gernfree
animal also can be utilized in 5 i nmmosausays and provi de an inproved
result as conpared to pol yclonal antiB@di es derived from a conventi onal

ani mal . Pol ycl onal antibodies derived froma erfree aninmal can be nade by
utilizing a gerafree animal, as described herei nabove, and i mmunitation

t echni ques, as described 10 herei nabove, foll owed by separating the

pol ycl onal a“§6§¥l§h?§¢qu-nces (generally 6~7 amino acids in length: X.Z.
Atassi, 1980, Molmc. Cell. Biochem. 32, 21~43) within the
entire protein molecule. Hence, Eonoclenal antibodies raised
against a single antigen may be distinct from aach other
depending on the deterzinant that induced their formation:

§ put for any given hybridoma, all of the antibodies it
produces are identical. Furthermere, the hybridema cell line
is aasily propagated in vitro or in vive, and yields
nonoclenal antibodies in extremely high concentration.

. A monocleonal antibody can be utilized as & probs to

10 detect its antigen. Thus, monoclonal antibodies have been
used in in vitro diasgnostics, for example, radicimmuncassays
and enzyme-linked immuncassays (ELISA), and in in vivo
diagnostics, e.g. in vivo imaging with a radiclabeled
‘monoclonal antibody. Alse, a monoclonal antibody can be

18 utilized as a vehicle for druy delivery to such antibodies’
antigen.

However, before a monoclonal antibedy can be
utilized for such purpose, it is essential that the
moneclonal antibody be capable of binding to the antigen of

20 interest; i.e., the target antigen. This procsdure is
carried out by scresning the hybridemas that are formed to
deternine which hybridomas, if any, produce s moncclonal
antibody that is capable of binding to the target antigen.
This screening proccduze can ba very tedious in that

25 numerous, for exampls, perhaps several thousand, moncclonal
antibodies may have to be screaned before a hybridoma that
produces an antibedy that is cnpuhlo of binding the target
antigen is identified. Accordingly, therse is the nesd for a
method for the production of sonoclonal antibodies that

30 increases the likelihood that the hybridema will produce an
antibody to the target antigcn.

3. SUMMARY OF THE zxvzﬁm:os
The subject invention provides a methed for the
35 production of moncclonal antibodies to an antigen comprising:
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fromthe animal by conventional techniques, e.g. by separating the serum
fromthetanimal. 5. A FI BRI N-SPECI FI C MONOCLONAL ANTI BODY 15

5.1.. BACROROUND The henostatic mechanismis a conpl ex physiol ogi cal
response nmechani sminvolved in repairing damage tor-a—fuptured-bl-oedyvessel
Henpbst asis. i s achieved through the co-gperative interattigns amig" tthe wal |
of the 20 damaged bl ood vessel, the platelets and the.cogguldtive system
The rol e of the coagulation systemis to provide an extensive fibrin
network to stabilize and anchor the platelet plug which has been assenbl ed
on the subendot helial structure of the damaged vessel. The formation of the
25 insol uble fibrin mafd) x {REURLEING A SETRETPS ARINAdcNiEh S4id Batigenof o
conl ex sequengs patnitamititysproduding cellst be producei ant {badient ton of
thronbin at t rgggiggg site. Coagulation is an anplification process
involving a chain o ! ‘

(b) removing at least a portion of said
antivody-producing cells from said germfrea animal,

5 (c) forming a hybridoma by fusing one of said
antiboedy-producing cells with an immortalizing cell vherein
said hybridoma is capable of producing a monoclonal antibedy
to said antigen,

(d) propagating said hybridcma, and

10 (e) harvesting the monoclonal antibodies produced
by said hybridoma. _

The subjact invention also provides methods for
utilizing a moneglonal ahtibedy or & polyclonal antibody
derived from a germfree animal. The sudject invention also

5 provides a fibrin-spscific monoclonal antibedy and methods
for utilizing such a menoclenal antibedy.

4. DETAILED DESCRIPTION OF THE INVENTION -
4d.1. THE GERMFREE ANIMAL

20 The subject invention relates to the use of a
germfree animal for tha production of monoclonal antibodies.
Gerufree aninmals were first develcoped in the latter part of
the 15th century and have been utilized extenszively since
such time. _ _

25 A gcémirel animal is 3 gnetobiote that is free from
all denonstrable associated forms of life, including
bacteria, viruses, fungi, pretozca, and other saprophytic or

*  parasitic forms. A gnotobiote is an animal or strain derived
by aseptic cesarean section or sterile hatching of eggs that

30 i reared and continuously maintained with germfres '
techniques under igclator conditions and in which tha
conposition of any associated fauna and floxa, if present, is
fully defined by acceptad currant pmethedology. (It should be
noted that all'nico carry a latent leukesogenic virus and,
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enzymatic reactions in which proenzynes (clotting factors) 30 are activated
sequentjally to active enzynes. There are a nunber of physi ol ogical
mechani snms controlling the fibrin polynerization process involved in

t hrombus formation. These include the thrombin inhibitor antithronbin I

35 -31- (ATIII), protein C, prostacyclin and various conponents of the
fibrinolytic systemsuch as tissue pl as## nogen activator (t-PA) and its
fast acting inhibitor (PAl). The honeostasis hypothesis proposed by Astrup
in 1956 Astrup, T., Blood 11, 781-806 (1956) states than an 5 equilibrium
exi sts between fibrin formation (coagul ation) and fibrin dissolution

(F1brinolysis) oratdre. 2 house ¥nat would be germfres but for such

leukemogenic virus shall be considersd a gernfree animal for
the ‘purpose of the subject inventiecn.)

The sssence of a gernfree system is the provision
of barriers against the entry of unwvantad microblal invaders.

6§ In addition to the physical barriers of plastic, mstal,
Tubber and glass vhich enclose the animals, the systen
reguires the cperational barriers of alr filtration, food and
vater sterilization, manipulatiocn by gloves, which form an
integral part of the barrier systsm. Also, the entry of

10 gupplies to the isolator should be perforsed under starile
conditions.

It is beliaved that any gc:ittc- animal can ke
utilized in the subject invention. The most common gernfree
animals are mouse, pig, rat, rabbit, gquinea pig, goat, sheep,

15 primate and poultry vith a mouse being preferred, especially
a Balb/C mouse.

4.2.  PRODUCTION, CARE ARD MAINTENANCE
OF GERMFREE ANIMALS

20 Thers have been nusercus publications concarning

- the preduction, cars and maintenance of gerafras animals.
For exanmple, Wostmann, B.5., Ed., Gnhotobiotes: Standards and
Guidelines for the Breesding, Care and Management of
taboratery Animals, National Research Council, National

28 Academy of Scionces, Washingten, D.C. 1970; Coates, M.E., et
al., The Germfree Animal in Research, Academic Press, London,
1968: and Pleasants, J.R., Gnotcbictics, in Handbook of
Laboratory Animal Sciencs, Vol., 1, Nelby, E.C., st al.,
Eds., CRC Press, Boca Raton, Fla., 117, (1974) the dicelesure

. 3n ©f wbich is incorporatsd hcrtin by reference.
What follows is a sumsary derived from the article

Wostmann, B.S. ed., (1970) Gnotobiotes Standards and
Guidelinas for the Breeding, Care and Management of
Labcratory Animals, National Research Council, Natienal

35 Academy of Sciences, Washingtbn. D.C. dsscribing the




heal t hy state these functions are evenly bal anced. However, when the
henostafic process is inpaired, coagulation and fibrinolysis are

pat hol ogi cal | y expressed as thronbosis and 10 henorrhage, respectively. The
clinical manifestations of pathological thronbosis or thronbotic di sease
are extrenely diverse and include di ssggi nated intravascul ar coagul ati on
(DG, deep vein thronmbosis (DVT), arterial and venous thronbosis.

Thr onboenbol i sm and thronbotic conplications of 15 other vascul ar di sease
(eg. atherosclerosis) can result in occlusion of nmajor arteries leading to
organ ischem a and the attendant |ife-threatening conditions such as
cer-ebr ovascul predactignnt caxa ragid) paiptananseapfi GeEminae yats: and Rice.

The fibrinol v Grek38cBe aoted \Chat! Peels preduction pfeare andchaimtenansgen,

Pents known 1 SiATIRFOESE Seiek: SREHFEs. 05T M LMD LN o
ROCM ENVIRONMENT

5 The facilities, equipment, and husbandyy procadures
shall be designed and operated =0 as to afford maximum
environsental control and optimal comfort and welfare for the
animals. The cages, fesders and waterezs shall be so
designed and fabricated as to afford saximum coafort for the

10 animals, to make the food and water readily availadble, and to
zake cleaning and sterilization practicable and efficient.

A desirable floor plan for extensive germfree work
should consigst of: )
“ 1. a work avea for assembling and sterilizing the

15 isolators,

2. an area for maintaining the isoclators with
animals, and .
3. a laboratory area for the routine monitering of
‘ the gnotobiotic environment.

20 An office and diet-preparation area may be

incorperated in the floor plan, :
The roca ehvironment for maintaining gnotobiotic

isolators should meet the standards established for housing

conventional laboratory rodents. The structure should be

25 insect=-proof, -£nd the walls and floor should be moisture-
procf. Lighting should be uniform, with the sane light-dark
cycle throughout the year. Ventilation should rapidly remcve
any fumes causad by chemical sterilization, and the climate
should be controlled as specifisd below.

30 Temperaturs. The generally accepted animal room
temperature o!”21'327'C(70'-80'F) Bay nead to bea adjusted
downward to keep the isolator temperature betveen 22° and
26°C (72° and 78°F).
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physi ol ogical fibrinolysis is not fully understood, but it 25 is known that
during fibrin formation plasm nogen binds to fibrin where it can be
activated by plasm nogen activators, e.. t-PA In this manner plasmn
generation proceeds within the thronbus where it is protected from

I nactivation by the main physiol ogi calegshhi bitor of plasmn, alpha[err]-
anti plasm n. Upon exposure to plasmn, fibrinogen and fibrin are broken
down to their degradation products. Fibrinogen breaks down into fragnents
X and Y, and upon further exposure to plasnin fragnents D and E. fibrin

br eaks down 35 -32- to fragments X, D and rom non-crqQss| i nked
fibrin and Ruaidity. The relativc hungaity (RH) eho‘i L

kept at the human comfort level of 40-60 percent. However,
vhen room air is used to ventilate the imolator, 40-=50
percant RH is recommended.
vVantilation. The room-air changes should bde

§ sufficient to ramove rapidly any fumes genarated during
chenical sterilization. Ten to fifteen air changes per hour
ars recounendsd. Head masks with freshealr ventilation
should be available to protect personnel exposed to dangerous
levels 0f chemicul fumes.

10 GERMFREE EQUIPMENT (See Sacquiet, E. 1968,
Equipnent design and management: General tethnique of
saintaining germ-£free animals, p. 1-22 In M.E. Coates {ed].
the gsrmfree animal in research. Academic Press, london:
‘Trexler, P.C. 1968. Equipment desigh and management:

1§ Transpert of gern-frese animals and current develcpments in
equipnment design, p. 23-35 In M.E. Coates [ed]. The gerunfree
animal in research. Academic Press, lLondon)

' Complete exclusion of environmental micrebes
Fegquires an absolute barrier. The successful operation of

20 “the isoclator depends on the maintenance of that barrisr at
all times. There are two general types of iselators
available, netal and plastic. Scme metal units are built to
vithstand internal steam pressure of 20 psi (1,406g/c22).
(See Reyniers, J.A. 1939. Design and operation of apparatus

26 for rearing gorm-fres animals. Ann. N.¥. Acad. Sci. 78:47;
Miyskawa, M. 1955. The Hiyakawa remote-control germfree
rearing unit. Ann. N.Y. Acad. Sci. 78:37). Others are
generally placed in a large autoclave for initial
sterilization (See Gustafsson, B.E. 1959. Lightwaight

30 stainless stesl systems for rearing gern-free animals. Ann.
N.¥. Acad. Sci. 78:17.).

The flexible~filn isclator (See Trexler, P.C., and
L.I. Reynolds. 1957. Flexible film apparatus for the rearing
and yse of germfree anizmals. Appl. Microbiol. 5:406) is now

35 the mest widely used unit. It is usually made of flexible

s i
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crosslinked D-dinmer, D-D/E conplex, Y diner, Y-D-dinmer and X oligonmer from
crosslinpked fibrin. Assays for markers of thronbotic disorders have been
conducted until quite recently using polyclonal 5 antibodies in both

radi coi nmpassays and | atex agglutination type assays. These assays have
been denpbnstrated to be extrenely unreli,gble by Gaffney (Gaffney, P.J.,
Ann. N. Y. Acad. Sci., 408, 407-423 (1983). More specific and sensitive

i mmunoassays (such as ELI SAs) using nonocl onal 10 anti bodi es are becom ng
comon practice in clinical |laboratories. The limting factor in these

di agnostic assays is the specificity and affinity of the particular

nmonocl onal ant i imthateadivipyl, st denchenicallyr syeghlizedecanti §8anti bodi es

to any of the pghgiiy HaspkdhCes Wpaclisd nddtiAl ' AMoRREP v, S mhde DevBieTecd DY

ar Ui cul ar  mar kePewSHPe G PYLS S99 AF; o Shyly. pp b pacdtited fn.ch
an autoclave. (See Lav, M. 1962, An asutoclavable plastic
unit for rearing snimals under germfree conditions. J. Appl.
5 Bacteriol 25:30). Plaxiglass isoclators and disposable
flexible~24iln units also have been developed. MNMany of these
are light enough to be stacked two or threa high on a rack, a
featurs that conserves f£1loor space. _
‘ ' A special cylinder for sterilizing food and
10 supplies is generally used with the heat-sensitive iselators.
It ghould be designed with a large filtration area to
facilitate air removal in a high-vacuum autoclave (See
Trexler, P.C. 1963. An isolator systez for control of
-contamination. Lab. Anim. Care. 13:572). Alternstively, the
15 eylinder may bs fitted with a drain tube vented to the
atzosphere for removal of air and condensation during
sterilization without the benefit of a vacuum. (See Jaworski,
N.E., and C.E. Miller. 1963. Refinement of the cylinder
technique for supplying germfree isolators. lab. Anim. Care.
20 13:591).

STERILIZATION , :

All equipment, food, bedding, water, and air used
in the isclator must be absolutely sterile. The nethods and

25 conditions cableycd'arcrdctornlnod by characteristics of the
individual items. '
. ' Stean ynder pressure is the best-knovn methed of
sterilization. It is particularly suitable for porous items
that are heat-stable. Every area that can conceivable harbor

¥ nicrobes must be brought into direct contact with stean.
Exposure tims is related to the temperature used. It is
reconmended that the least sccessible porticn of the load
(the center of the packages) be exposed for a ainimum period
of 15 minutes at 121°C (250°F)}. Higher tamperatures and

3 ghorter exposure periods may be used after careful testing to
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hi gher levels in plasma. Exanples are the formation of conpl exes between
enzynmes and their inhibitors eg. 20 thronbin-antithronbin 111

pl asmin-al pha[err]-antiplasmn, t- PA-PAI-1. The nunmber of new antigenic
sites generated by such conplex formation is extrenely small and makes the
production of imunol ogi cal probes (such as nonocl onal anti bodi es)
difficult. 25 Li kewi se, the=8mmjor problem associated with the
acqui sition of a nonoclonal antibody to fibrin has been the structural and
conformational simlarities between fibrin.and its physiol ogical precursor
fibrinogen. It has been estinmated that the conservation of coval ent

wh h 8%
?L{gg}“EeF eQP§9f£ é¥@§¥¥¥ﬁ9 sfﬁﬁyﬁﬁﬁggﬂciggg Jgfunggé §§§E§é§'4§ dhed!
therefore, onbgad %ﬁal#’"’p&*@éﬁt!@%‘ﬁ‘lﬂhﬂﬁpﬂm mﬁmmtﬁm ecul e
are in fact negsaie JENe: (Medsusas Seetratien Mindil1obet densmntoantes

whi ch have besg.&fgggs&%t() _

Dry heat has been used for sterilization af the air

§ supply for the isclator (See Miyakawa, M. 1959. The Miyakawa
redote-contrel gerzfree rearing unit, Ann. N.¥Y. Acad. Sci.
78:37;: Gustafgson, B.E. 1955. Lightwaight stainless steal
systens for rearing gera-free animals. Ann. N.Y. Acad. Sci.
78:117).,

10 Peracetic acid (CH,COO0H) is widely used on hest-
sengsitive, non-porous materials, especially tha flexible-film
units. This acid is used in a 2 percent solution with a
wetting agent (detergent) (See Trexler, P.C., and L.I.
Reynolds. 1957. Flexible film apparatus for the rearing and

15 use of germfree animals. Appl. Micrebiol. 5:406). Other
chericals can be used for special situations, e.g.,
hypochlorites, iodcphors, or quarternary ammonium compounds
in the ligquid trap to introduce newborns cbtained by
hysterectony, or Hqc12 te introduce eggs under sterile

20 conditions prior to hatéhing.

Ethylene oxide (ETO) may be used to steriliza
nonwvettable heatesensitive items. Sterilization time is
dependent on the temperature, hunmidity, pressurs, and
concentration of ETO. ETO may react chemically with bedding

25 and dietary components to produces toxic 6r undesirable
compounds. Becauss of its flammability and toxic hazards,
routine use of ETO for sterilization should be restricted to
the commercially availsble gas nixturas, which contain net
more than 20 percent ETO, .

30 . Fibarglass filters are commenly used for
sterilization of the air supply. Tﬁey should function as
abgolute filters.
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36 -33- acquire fibrin antibodi es have concentrated on inmuni zi ng
animals with soluble fibrin fragnents and synthetic peptides which mmc
exposeld neoantigenic sites on fibrin. See Hui, K Y., et al., Science 22,
1129-32 (1963), Scheefera-Borchel, V., et al., Proc. Natl. Acad. Sci. USA
82.7091-95(1985), Elms, MJ., et al., Jgaronb. Haenobstas, 50, 591-94 (19883,
and Kurdryk, B., et al., M. Imul., 21, 89-94 (1984). However, it is
believed that the binding site of such antibodies is conserved during the
fibrin degradation process and, therefore, such antibodies also can bind to

10 fibrin degradation products. The subject .invention permts one to take a
enbrane filtration of liguids can be used to avoid

expesure to heat, provided these membranes are absolute
filters, for example, a filter that excludes particles -
greater than 0,22 nicrometsrs in diameter.
Irradiation by gamma rays or electron-beam sources
S may be used to sterilize diats or other special iteme.
Dosages smployed vary from 2.5 to 6 X 165 reds.

INTERNAL ENVIRONMENT
Tempesrature. The internal isclatur temperature is
10 a function of the room environment and should be maintained
betveen 22° and 26°C (72° - 78°F). '

Humidity. The isolator is subjact to condensation
of moisture in cases of cvaerloading, inadeguate ventilation,
or both. Air entering the isolator should be below $0O

15 percent RH and preferably above 40 percent RH.

Air Supply. The isclator should have 12 to 20 air
changes per hour and a positive pressure cof 3-5 in. (8-13 cm)
of watey. Alr may de supplied from a central scurce or frem
individual blowers for each unit. A turbine~type air

20 compressor iz recemmended for a cantral air supply systenm
" because the oil piston typea tands to ateomize o0il into the
air-supply lines. ' -

An air diffusion isolator (See Trexler, P.C. 1968.
Equipment design and managesent: Transport of germ-free

¢6 animals and current developments in ecuipment design, p. 23~
35 In M.E. Coates [ed). The germfree anizal in research.
Academic Press, Londen) is not subject to loss of ventilation
in the event of power failure. However, this typs has the
disadvantage of fever air changes per hour and lacks the

30 protective positive pressure that could help prevent
contamination should small breaks occur in the barrier.

Ezergency Safeguards. Adequate provisions for the
maintenance of air pressure within the isolater in the avent
of power failure oY mechanical failurs nust be provided with

3 not more than a fev minutes’ interruption in-the-air -SUpply.--
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conpletely different approach and utilizes the intact fibrin antigen in
conjunction with the enhanced i munol ogi cal sensitivity of the antigen free
(AF) animal to produce a 15 fibrin-specific nonoclonal antibody. For the
pur pose of the subject invention, a fibrin-specific nonoclonal antibody
binds to fibrin and not to fibrinogen, the fibrinogen degradation products
or the fibrin degradation products. 2010 5.2. MATERI ALS AND
METHODS 5.2.1. AN MALS Cernfree BALB/ cAnN mi ce were obtained fromthe
gernfree (GF) colony maintained at the University of Wsconsin. The aninals
were transported to our facility 25 under GF conditions. The Antigen-Free

(AF) col ony v il SrCUnNpHAGN0 £R1 RN TonToeg bdhca1aycabuie

6,.1949- 1964
(1986)) to animnreytgs n,AE the maipale, Pa% Wﬁ?ﬁt W%‘%’H pangex o
the cheni cal | ygdefdthathe( GRinals may be able to reach and damage f£ilm or

gloves. This may be prsvented temporarily by plugging air
conduits with rubber stoppers. The operation of individual

5 jigolator air supplies requires only an amergency pover
supply. A central air system should have a second turbine
compressor for standby air supply.

Graphic racording of the tesperature and pznnsure

is recompended. An audiovisual alarm system should be

10 incorporated in a central air system to be actuated by a drop
in line pressure in the evant of either loss of pover or
mechanical failure. Similar alarm systeams should indicate
undesirable fluctuations in the temperature of the air
gupply. For individual isolator air systams, continuous

15 graphic monitoring of the roou environment is recocmmended.

CAGING AND INTERIOR EQUIPMENT
Equipment. A basic list of equipment for an

isolator may include cagas with secure lids, water bottles
20 and food hoppars, protective cloth gloves for the rubber

gloves, an extra door gasket or cap c¢losing ring, long

rubber-tipped forceps, hamostats, SCissors, 8 towel, gauze

sponges, a two-guart can for holding instruments, a covered

four~quart diét. can, spoon, culture tubes, paper bags, and
25 moisture-resistant bags for dirty bsdding.

' cages should be fabricated of a smooth corrosion-
resictant material. They should be impervious to liquids and
'casily sterilized. Matarisls considersd acceptable include
plastics, stainless steel, and glass, Galvanized metal

30 pecomes corroded and is not racommended because trace-metal
contamination may influance experimental results.
Cags dimensions aras usually limited by the size cof
 the entry pert. The minizum area for a female mouss and
1itter is 50 in. 2 (970cn3). In many circumstances nmore
35 gpace per animal may be needad.

| REPLAREMENT SHEET

10 JAN 1697




30 AF diet.
i ngredi ent (
designated t

ensure that

Their offspring, which had never directly contacted a Natural
NI ) diet, were weaned frommaternal milk to CD diet and were
he first AF generation. The AF mce were mated in pairs until

the' fenmal e was noticeably pregnant; then the nmale was renoved to 35 - 34-
the femal e woul d thereaftesia~eceive her full daily lipid
Young were weaned at 24 days of age. 5 AF breeders

suppl enent .

were housed in pairs in one half of a standard pol ycarbonate nouse cage

28x17.8x12. 7cm The bottom had been cut out and replaced with a fal se
bott om of nesh stainles%agteel. A | ongi tudi nal divider of sheet

10

20

%

le 1 lists the reconmended flocr space per
animal for mice and rats according to weight groupings.

TABLE 1 Amount of Floor Space Recommended per Animal for
Caged Mice and Rats

- Maximum
Category Space pa:zhninal Population
Number Weight (g) in. ° (em®) Per Cage
MICE
i up to 10 6 { 40) 40
e 0 - 1§ 8 ( 50) 30
3 15 - 25 12 ( 75) 20
4 over 25 15 ( 95) 16
RATS
T 1 up to 50 15 ( 9%) 50
2 50-100 17 (110) 50
3 100-1%0 19 (1239%) 40
4 150-200 e3 (150) 40
L] 200-300 29 (385) 30
6 over 100 40 (260) 25

MISCELLANEOUS RECOMMENDATIONS

¥reon tests for minute lesks are recommended to
-ansure the integrity cf the barrier system. .

Each unit should be aquipped with its own operatien
log to maintain a chroneclogical record of svery procsdurs

" involving ths unit from the time it ic assezbled and
sterilized. Such records are conveniently kept in metal
hospital-chart holders identifidd by thea isolator nunber.
They should also contain notes for routins maintenance, s.g.,
glove replacsment. Breedingeperforzance records may be kept
in the same chart holder. :

Due to the limitsd space available inside the
isclators, paper and folding containers are recoznended for
diets and bedding, and for the transport of animals between
isclators linked by a sterile passage.
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stainless steel was bolted to the ends of the plastic cage, 10 projecting
enough above and beyond the cage to hold in place a |lid of stainless wre.
This recessed lid, which normally fits inside a cage, was inverted to
provi de nore adequate head room above the fal se bottom Stainless steel
collars of appropriate size were welded to the top of the lid to 15 hold
60nL diet bottles. Four stainless steetl@ups were welded to the sides of

t he | ongi tudi nal divider at the ends, hal fway between the fal se bottom and
the top. (A picture of the cages appears in Pleasants, J.R, The gernfree
system for aging and i munity In: CRC Handbook of I nmmunol ogy in 20 Aging,

(Kay, MM B.S. Mkinodan, T. 257-.29 CRC Pr ca Raton
FI. (1981). The diet bo¥PI %%h%r'é“’si"‘bggmﬁ &g‘gzﬂgom $HeIAEK

bottl es had plitstiay lexpicds tvhdmlstatici spaxks oceng: r Elatdane The bottles
were filled ang, ndtaﬁﬁ%%gotfifsﬁﬂ:ru%ﬁkh fSis %dmahd.éwlae%mm nas

nmeasur ed dally lgtgg.. ;5 %tee cups. A plastic

5 DIPTS, BEDDING AND WATER
GENERAL RECOMMENDATIONS :

The complets formula for commercially produced
diets should be provided, listing all the ingredients and
their concentrations, including preservativas, antioxidants,

10 and other additions. The date of production should be
clearly indicated. The manufactursr should guarantes that
the diet is:

1. Within the normal acceptable linits of
'ﬁaturally occurring hormone activity.

15 2. Pree of additives containing drugs, hormones,
antibiotica, or any other substance that may create abnermal
physiological conditions or interfere with investigative
precedures.

3. Pree of salmonells on the basis of

20 statistically selected samples.

4. Free of rodent and vernin contamination.

5. Free of all unrendered meat scraps or f£ish meal
that may contain pathogens.

25 FORTIFICATION OF DIETS .
Diets 0Of gernfrae animals zmust contain more than

norzal regquiraments of certain nutrients to compansate for
the heatestarilization loss of vitamins (especially certain B
~ vitamins and vitamins A and D) and of the nutritive value of
30 protein (reduction in available lysine, methionine, arginine
and tryptophan). They must also provide recquired nutrients,
which in conventional animals would he available through
microbial synthesis in the gastrointestinal tract (See Reddy,
B.S., B.S. Wostmann, and J.R., Pleasants. 1968 Nutritionally
35 adecuate diets for germ-free animals, p. 87~111 In M. E.
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pan was placed under each cage to receive wastes. The filter paper which
served poth as bedding and as ingestible fiber was What man ashl ess filter
paper No. 41, purchased as clippings (Sargent Wl ch). For bedding the 30
paper was cut into strips. Uncut squares of the paper were used for cleanup
I nside the isolator. The paper was aufgeTaved for 25 mn at 121'C, or was
irradiated (4.5 Mad) 35 In plastic bags. Al mce received enough paper
to cover one end of the cage. It was replaced when it becane wet, yellow or
dirty. The cages were maintained inside a 1.37x0.6x0.6M flexible isolator

of the Trexl epohtt@f (eH1C%! Ctne ydrm-Lkedl akiokl In Fa@sfardhi. aeddenfd (1963)),
using StandargrgnOt daéhs An axaumple of such a djet is L~485, an
inexpengive diet that hag besen extensively tested (Sees
Kellogg, T.F., and B.S. Westmann. 19695. Rat and nouse stock
diet L-485. lab. Anim. Care.) and can be commercially
§ produced (see Table 2). Supplementation with specific amino
acids rather than increased total protein content should be
considered as = means to compensate for loss in protein
quality. Increasing the total protein content of the diet
will result in a greater consumption and excretion of water,
10 causing humid conditions and thereby limiting the number of
animals that can be housed in an isolator of a given size.

TABIE 2 Composition of Diet 1-485 for Rats and Mice

1 Ingredient Amount per kg
DIET

Ground vellow corn (maize) $80 g
Scybean oil neal (crude protein 50 parcent) 300 .
Alfalfa meal (dehydrated; 17 percent protein) 35
Corn cil (once retincd) 30
NaCl 10
caxPo 2H.O 0

20 caco 2 5
nysiﬁe {(fead grade) S
Methionine (feed grade) 5
B.H.T. (butylated hydrexytoluene) 0.125
Trace mineral nix 0.25

VITAMIN MIX

25 A ' 26,000 1IU
D 1,000 IU
E?a tocopherol acetatas) 225 mg

(nenhadione) _ 90

nlhatlavin - 30
Pantothenic acie 285
Niacin 65

30 Chelin. chloride 2,000

{0.1 percent trituration in mannitol) 2

wﬁia ine EC1 65
Pyridoxine HCl 20
Folic acid 10
Para-aminobenzeic acid , 50

as
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technol ogy (see Wstmann, B.S., Ed., Ghotobiotes Standards and Gui de Lines
for the.Breeding, Care and Managenent of Laboratory Aninmals, National
Research Council, National Acadeny of Sciences, Washington, D.C ) The
isolators were 10 maintained in a roomat 21'C on a 12h light dark

schedul e. A 2.5cm di aneter Tygon tube ¥}&5cm |l ong was sealed to the top of
the isolator and closed with vinyl stoppers at both top and bottom This
provided an entry for sterile filtration of diet, water and oil. 15 5.2. 3.
DI ET Table 1 indicates both di et conposition and the sequence for
dlssolwngthe ? ég@‘*&&gied MIlTi-Qwater (MIlipore, M.
The am no aci dS" ww Qﬁkﬁ%ﬁan I'gma. tissue culture grade. g¥fi tggm ns

were al so from Sgrgr@. peicousf aamﬂger etinyl palmtate, kindly sgpplied by
Hof f man- La Rochegu | & .copipet! exidé¥)). The ot her reagents 2

Zn as zine oxide 15
I as calecium iodate 1.5
Co &s cobalt catbonate 0.6

Steam sterilization (Sees Reddy, B.5., B.S.
Wostmann, and J.R. Pleasants. 1963 Nutriticnally adeguate
diets for gera-free animals, p. 87-111 In M. E. Coates {ed].
the germ-fres animal in research. Acadamic Press, Londen)

10 Actual procsdures will depend on the squipment
availabls. Three factors sre of genaral iwmportance:

1. A pra-sterilization vacuum, whenever possible,
cf at least 20 in. BHg will assist steam penetratiocn of the
diet in a clave or cylinder ventsd to the atmosphers. A

15 vacuum of 28 in. Hg or more is recommanded when the supply
cylinder is not vented to ths atmosphere.

2. Use of the shortest sterilization phase that
vill ensure total sterility, with an added safety margin
dictated by equipment and skill. Texperatures neasured at

20 the inner core of the dist should reach at least 121-C

" (250-F). At that tezperaturs the actual sterilization phase
should last a minimum of 15 minutes. With higher
sterilization temperatures, sterilization times will be
Telatively shorter.

] 3. A postesterilization vacuum will speed the
reduction of temperature of the diet. This will avoid
unnecessary heat destruction of nutrients. Howvever, the
design and performance of the apparatus must be adeguate to
avoid leaks during this stage of the cparation.

30 In steax sterilization of dists, the goal is to

avoid both incemplete sterilization and unnecessary

nutriticnal déuagc caused by excessively prolonged heating.

Although some nutrient loss is unavoidable, quite accoptable

results may bs obtained by manipulation of:

R,
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were Fisher certified or equivalent. The conplete water soluble diet was
filtered cold through an Am con Diaflo TC3 25 ultrafilter using three Pm O
menbranes 150nmin di aneter (Ami con). The ultrafilter menbranes had a

nol ecul ar wei ght cut off of 10,000 daltons. The assenbled ultrafilter
apparatus was sterilized before use by_pgssing a 0.15% 30 sodi um

hypochl orite solution through it, foll owed by thorough washing.
Utrafiltered diet was stored at 4-Cin sterile reservoirs until needed.
The diet was introduced into the AF isolator using a 0.2um Nyl on (MSI)

filter in an autoclaved pressure filter holder with its delivery tube 35
- 36- (a) Technical procedures such as temparature, tinme

pre-sterilization and postesterilization vacuum, and pellet
size. '
(b) The vater content of the diet. An incresse in
vater contant lesds ¢o better reccvery of B vitamins after
§ gterilization (See Zimmerman, D.R., and B.S. Wostmann. 1963.
vitamin stability in diets sterilized for gernfree animals.
3. Nuty. 79:318). For solid diets, a vater content up to 25
percant, or as high as proves to be compatible with the
storags quality of the diet, is recommended. A changs in
10 water contant of the diet should be followed by a nev test of
the rate at vhich the diet reaches starilizing tsaoperature.
RADIATION STERILIZATION (See Reddy, B.S., B.S. Wostmann, and
J.R. Pleasants. 1968, Nutritionally adeguate diets for gera-
" free animals, p. 87-111 In M.E. Coates {ed]. The germ-free
15 animal in research. Acadenic Fress, London: ley, F.J.,
J.Bleby, M.E. Coates, and J.S. Paterson. 1963. Sterilization
of laboratory animal diets using gamma radiation. Lab. Anim.
3:221) _
Technigques and dosimetry will depand on equipment
20 and type of radiaticn. Although, in general, radiatiecn
sterilization is considered to result in less dastruction of
nutrients, it is at present rscommended that diets be
sterilized with stean. S

25 TEST FOR_STERILITY
: To monitor sterility achieved with any specitic

sterilization procedurs, the use of Bacilius
stearothermephilus spore strips is recocmnended. The strips
should be embedded in the core of the diet. Also, the

30 isclator and itm animals should be periodically
nicrobiolegically monitored. Such monitoring is necessary to
test for accidental contahinations resulting fronm breaks in
the igsolator barriers or from inadequate sterilization of the
“jgselator or its contents. This can be accomplizhed as

35 described in Wostmann, B.S., Ed., Gnotobiotes: Standards and
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inserted into a No 6 Neoprene stopper. For this purpose, the upper vinyl

st opper . was renoved fromthe Tygon tube sealed to the top of the isolator,
and the interior of the tube was sprayed with a sterilizing solution of 2%
peracetic acid containing 0.1% al kyl -aryl sul phonate. The filter 5 hol der
stopper was inserted in place of the uges stopper. After 20 m nutes the

| ower stopper was renoved (inside the isolator) and diet or water was
filtered into the isolator under 20 psi of nitrogen. The conposition of the
|'i pid supplenent is given 10 in Table 2, The soy triglycerides were a
preparati on made from t hose nethyl ters which vacuum di st | d oyer a

t enperat ure r ARjde1in0; for (the @\éfﬁgihg r%ﬁ‘pépa\ ¥apagament; ﬂt %’é *FRese
esters were thgildels)snationg) ﬂlutﬁlgﬁmidl, National Alcedenycoff
triglycerides. ek E?Ha &ian Thea £ sol ubl e vi tam ns
wer e added to ﬁéﬂﬁq} ‘;gﬁel?& EPﬁre beforeth sf? ﬁratlon into the

i sol at or

ESTYMATION OF NUTRIENT 1OSS DURING STERILIZATION

5 As a usaful check on the loss of vital nutrients,
detarzination of scideextractsble thiamine as an indicator of
the recovery of thiamine added to the diet is recounended
(See Wostnmann, B.8. and P.lL. Knight. 1960. The effect o2
sethyl alcchol on the conversion of thiamine to thiochrome.

10 Experientia 16:500). A recovery of less than 25 percent
indicates ssvere impairment of general nutritional quality of
the diet. With adequate eguipment and care, recoveries of 50
_percent or mors should be achieved.

15 STORAGE OF SOLID DIET
Because of the genarally high cost of gernfree

experimentaticn, extra care should be taken never to use diet
that hac decreased significantly in nutritional value. It is
recommeanded that (a) nonsterilized diet always be stored

20 -under refrigeration, and never for longer than one month, and
that (b) storage time of sterilized diet inside the isclator
should be ohe veek or less and must never excsed ten days.

BEDDING

25 Badding should be changed at least once a week. It
is recempended that bwdding material be easy to starilize and
not readily eaten by the animals. It should not yleld toxic
compounds as a result of the sterilization procedurs.
Dustfree vhite pine chips (sawdust) and shavings are

30 recozmended. Basswood and poplar shavings or crushed corn
cobs are accsptable. Diatomacecus products, cedar, resinous
woods, and hardwoods ara not recommended. Ethylene oxide
sterilization should not be uged until the question of
‘possible formation of harmful compounds has been clarified.
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at which tinme it was warned to 50-C and filtered-into the isolator by the
same procedure used for the water-soluble portion of the diet. 20
The lipid intake was a neasured 0.375m /day. Increasing the lipid
suppl enent has greatly decreased the nortality rate of newborn mice. The
average litter size has also increased-i®-t hat of conventionally reared
animal s. Lactating fenmales received twice the nornmal anmount of lipid 25
suppl ement. TABLE 1 Conposition and -preparation of chemi cally defined diet
L489E1Se 30 Anount (grans/ 100 grans | ngredi ent
of Ingredient)H§5

Drinking water muet be sterilized. It may be
autoclaved in square pack flasks, Mason jars, or tanks
attached to the unit. A small air space should be left
inside each container.

PRINCIPLES OF CESAREAN DERTIVATION OF GNOTOBIOTES

The success of any cesarean cperation is keyed in
part to having the pregnancy advance to full tera. This is
particularly true of animals with short gestation periods,

10 whers the fetus may gain 20 percent of its veight in the
final 24 hours before parturition. Timed matings are
reasonably succassful, but vith animals yielding large
litters (rats and mice) it may be helpful to vait for the

. female to deliver the first offspring before procseding with

18 ¢the operation. In guinea pigs, the most satisfactory method
ic to selact fenmales for surgery by measuring the spread of
the pubic bones (See Philips, B.P., P.A. Wolfe, and H.A.
Gordon. 1959. Studies on rearing the guinca pig gernfree.

"ann. N.Y. Acad. Sei. 78: 183).

20 The cesarsan-~derived young must be delivered into a
gerafres environment befors they take their first breath of
air. They may be taken directly from the mother by
hysterctomy, through an incised sterile barrier membrane into
a sterile isolator, or by hysterectomy, through a germicidal

25 trep into a stédrila isclator. The usual surgical preparation
of the female prior to the cesarean cperation includes
remcval of abdecninal hair and cleaning and disinfaction of
the cperative site. Anesthesia is aeeanplithcd
preferentially by dislocation of the cervical vertebras in

30 rats and mice, although an abdominal midline local anesthetic

or ganeral anesthesia may also de used without incurring

sericus levels of fatal depression and mortality. With
guinea pigs, surgery is generally performed after prior
sedation and under local anesthesia.

10 JAN 1997




-37- To 192 Ml M1li-Q water 70-C the follow ng were added: Leucine

1.9 Phepyl al ani ne 0. 74 1sol euci ne

1. 08 Met hi oni ne 1. 06 Tryptophan

0. 37 Valine 1. 23 Aspar agi ne
0.91 Argini ne HC -18- 0. 81 Threoni ne
0.74 Lysine Hd 1.77 Hi stidine HCL

0.74 The solution was cooled to 45-C and the foll owi ng added:

Dalivery of the young by hysterotomy through a
barrier membrane regquires special isolator eguipaent. The
Reyniers stainless-steel surgical unit (See Reyniers, J.A.
1965. Garufree life methodology (gnotobiotics) and
exparimental nutrition. p. 458-466 In Proc. 3rd Internat.

$ congr. Biochex., Bruxelles) has a builtein horizontal maetal
divider that saparates the upper and lower compartments of
the unit. The divider contains a circular pert coversd with
a mylar plastic film to maintain the integrity of the upper
compartsent. The female, preparsd for surgery, is placed in

10 the lovar compartment with the abdomen pressed against the
mylar. All surgical instrunents are in the upper )
coupartment, and the surgery is perforasd in this sterile
area. An incision is made through the plastic and skin with
an electrocautery cor scalpel. The sslf-sterilizing

15 electrocautery blada is preferred for sgkin incigsion. The
edges of the skin and mylar ars clamped together and
reflected. A sterile drape is placed cver the addomen to
cover the cut edges of the skin, and varm disinfectant
(benzalkenium chloride 1:1,000) is applied to the exposed

20 fascia before opening the abdominal cavity. Extrame cautien
nust be exercised to avoid cutting into the bowel. The
ingertion of a pair of forceps or hemostats between the
peritoneal wall and the viscera nmay be helpful. The uterus
is then cpened and the young removed. The fetal sambranes

25 are removed, and the umbilical cord is clamped and cut. The
young are gently dried and nassaged to stimulats respiration.
They are then transferred to & rearing unit to be foster~
nursed or handefed. Ancther sheat of mylar may be secured
évar the surgical port and the procedurs Tepeated with as

30 wany as 5 or 6 females without sericus risk of contamination.
Cesarean delivery may also be accomplished uging a plastic
isolator or glove bag as a surgical unit. Tha exterior
surface of the isovlator floor is presterilized and brought
itito contact with the animal’s abdcmen, thus serving the same

L purpose as the aylar sheet degcribed above. ggl_}a_wing the

L



15 dycine 0.59 Proline

1.48 Segine 1. 33 Al ani ne
0.59 Sodi um gl utamat e 3.40 20

0.62 L-tyrosine ethyl ester HC 0.62 Ferrous

gl uconat e © -19e 0.05 Salts 350[err] _

0. 105 Sodium Selenite[err] 0.074 25
Solution cooled to 5-C and the foll owi ng added: Cal ci um gl ycer ophosphat e
5. 22 Magnesi um gl ycor ophosphat e 1.43 30 Calcium
chloride 2H err] O 0. 185 Sodi um

chl ori de- Pot agpiedationithte @{lix fhthe plastic A efcoanbeiclpseBowitii )
Vitamn B mx LILE20cEige and the surgical procedure repeafed%nm
additicnal gravid females.
" Delivary of the young by hysterotomy is more common
vhen plastic isolators ars used (Ses Foster, H. 1959. A
& procedure for obtaining nucleus stock for a pathogen-free
animal colony. Lab. Anim. Care 9:135). The uterus is
aseptically exposed and clamped just anterior to the cervix.
The excised uterus is transferred into the germfree unit
through a ligquid germicidal trap. Once ingide the isclator,
10 the young ars delivezed as rapidly as possible to pravent
aspiration of fetal flujds. Normally they are dried and
breathing wall before the umbilical cord is clamped and cut.
The infants are then given tc the foster mother or hand
reared. _
15 Hysterotony may be used successfully for mice,
rats, and swine. In guinea pigs, however, hysterotomy is
preferred, since a high mortality cccurs if az much as two
ninutes elapses betwaen the severance fron the maternal blood
supply and delivery inside the isolator. '
20 '
' BREEDING SYSTEMS IM GNOTOBIOTIC COLONIES
, INBRED STRAINS |
The usual brother X sister mating systenm employed
in conventional breeding colonies can also be usad in
25 gnotobiotic colunies.

True random breeding includes scme matings of
giblings and of first cousins. Altheugh such matings are
30 normally avoided in noninbred breeding colonies, the
resulting mating systen does not decrease the rate of
inbreeding to the maximum extent possible. Any system of
minimal inbreeding can be used. (See Falconer, D.C. 1967.
Genetic aspects of breeding metheds. p. 72-96 In The UFAQ
35 handbock on the care and management of laboratory animals,
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Vitam n Bl2[err] 1. 20nmg Chol i ne
chloride 0.31 Pot assi um acet at e
1.85 To 108m M'Ili-Qwater at 70C D Dextrose, anhydrous was added
Sof utions cooled to 5[err]C and conbi ned both for ultratiltration.

1Conposition of salts 35D m xture giveggin Table 3 10 2Added in addition to

sodium selenite in Salts 35D 3Conposi Tfon of vitamin B nmix |11 E5 (see Table

4) -4Added in addition to vitamn B-12 in vitamin B mx |||l ES TABLE 2
Composition of lipid supplenent LADEK 69E6 | ngredient
Amount per daily dose* (0.375ml)

3rd ed. E and § Livingstone, LTd., london; National Research
council, Institute for Laboratory Animal Rescurces. 1965. A

guide to genetic standards for laboratory animals. National

Acadeny of Sciences, Washintonm, D.C.}.

§ 1¢ it is desired to maintain dboth conventicnal and
gnotobiotic colonies for comparative purposes, their similar
genstic constitutions may be maintained by introducing
casarean~derived litters from the effective breading
population of the conventional colony into the gmotobiotic

0 eclony. This appears to be the msthod of choica for those
producers who place most esphasis on the production of
nongnotobiotic rats and mice but has the dimadvantage of
preventing the sstablishment of a micrebiolegical pedigree
that would simplify micrebiclogical monitoring. Ideally,

15 this could be dene by using litters from specific matings as
bresding stock for the conventional colony and using the next
litter from each of these matings as dreeding stock for the
gnoticbiotic colony. If thig procedurs is folloved every
second or third genaration, the genetic congtitutions of both

20 colonies should remain very similar, provided, eof course,
that ths =zame pating systen is used in each coloeny.

Altsrnatively, litters from the effective breeding
population of the gnotobictic colony may be used to establish
ar replenish the conventional celony. The genetic

25 consaquences will be identizal, provided the same procedurss
ars followed.

RECORD-REEPING (See Wolff, G.L. 1967. Practical
mating systems and record-keeping in a breeding coleny. p.
30 g7-113 In the UFAW handbcok on the care and managenmant of
laboratory animals, 3rd ed. E. and § Livingstone, Ltd.,
Lenden) .
Preper racords ghould be kept for the animals and
for the maintenance of the isolator. The animalg’ records
35 ghould determine the efficiency of the operation and the
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Purified soy triglycerides[err] 0.33g 20 Retinyl palmtate

6.45ng (11.7 I.U.) Chol ecalciferol, .0288ng (I.15
.U ) 2 anbo-al pha-tocopherol 3.3ng 2

anbo- al pha-tocopherol acetate 6. 6mg Phyl | oqui none

72mg 25 *Lactating mce received tw ce2ise normal adult dose. 1Consisting
of : 12% palmtate 1.5% stearate 24%cl eate 55% | inoleate 8% i nol enate
-39-

biclogical performance of the animals. The isolator records
should maintain a chronclogy of events related to the
isolator to assist in locating a breach of the barrier if
contazination eccurs.

5 4.3. THE ANTIGEN=-FREE ANIMAL
In a preferred embodiment of the subject invention,
it is prefarred that the germfrae animal be bred on &
chemically defined (CD), low molecular veight, vater-soluble,
ultrafiltered diet. It is Delieved that such & diet pc:pitc
10 one to obtain complete control of nut:icnt_anﬂ'hntigon intake
by the animal. Such a diet iz generally made up entively of
ingredients that ars capsble of chamical definition, e.g.,
amine acids, simple sugars, lipids, vitamins and minerals.
For the purpose of the subject invention a chemically defined
15 diet comprises sminc acids, simple sugars, lipids, vitamins
and minerals and no other component having & molecular weight
greater than adout 10,000 daltens. Thus, all of the
components of a CD diet are of low molecular weight and are
naturally circulating nutrients in animals and, therafore, it
20 ‘is beliaved that such components will not stimulate an immune
reiponnc. The recent literature refers to a germfres animal
that has been bred on a CD diet as an "antigen-fres animal®.
Alsc, it is preferved teo utilize a filter paper
bedding, otherwise the germfres animal zmay eat the bedding,
25 which results ${u an immune response. It is belisved that the
eating of a filter paper bedding does not result in an immune
rasponse.
The particular CD diet for a given species would
use such components in proportions and quantities so as to
30 fulfil)l kxnown nutritional requirements for such species. The
copposition and prepavation of a preferred CD diet for
gernfree nice is as follows:




TABLE 3 Conposition of the 35D Salts M xture Salt
Amount {(per 300nil of diet) (nmg) 5 Mi(actate)[err] 4Herr]O

55.4 zZzuSerr] Herr]O 40. 6

Cu(acetate)[err] Herr]O 3.7 Cr(acetate)[err]

Herr]O 2.5 Neg2=~

2.1 10 0.37 SnSJerr] 2Herr]O

0.37 (NHerr])[err](MJ[err]gerr]4H err] O 0.37 N Clf[err]

3H err] O 0.37 Co(acetate)[err] 4Herr]O

0.11 0.22 15 NaJerr]V(err] . 0. 096

Composition and pre rstion °
Na[err]S[err](ferr] chenioally defines diet uagmeeO%
Ingredient _Amount
{(grams/100
$ grans of

Ingredient)

To 192 EL Mi1ll-Q vater at 70-c the foliowing are saded:

Isucine 1.9
Phenylalanine 0.74
Isoleucine . 1.08
10. Msthionine 1.06
Tryptophan .37
valine 1.23
Asparagine .91
Arginine HCl 0.81
Threonine 0.7¢
- ° Lysine HCl 1.77
15 Histidine HCl 0.74

The sclution is cocled to §5-c and the following added:

Glycine 0.59
Proline _ _ 1.48
Serine 1.33
Alanine 0.59
20 Sodiun glutamate 3.40
L~tyrogine athyl ester HC1 0.62"
Ferrous ginconatc 0.05
Salts 35D 2 0.105
Sodiun Selenite : 0.074

Solution cooled to S-c and the following added:

Caleiun glycoraphosphnt- $.22
Magnesiun glyuraphosphate ' 1.43
Calecium chloride 2 0.185
Sediun chlo:ido - P tasuum Jodide (KI) mix 0.086
scantaining 680 mg KI) 0.086
vitamin B mix 111E5 0.09
Vitanin B12 1.20n9
30 Ctholine chloride : 0.3
Potassium acetate 1.85

To 108ml Milli-Q water at 70-C
D-Dextrose, anhydrous was added 71.28

35 Solutions cooled to 5~C and combined both for .., .'
: ultratiltration.
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TABLE 4 COnposition of the Vitamin B Mxture 111E5 20 I ngredi ent

Amount (Mg)/300m Diet) Thiam ne HCL 1.23
Pyri doxi ne HC 1.54 25 Biotin

0.25 Folic Acid 0.37 Vitam n Bl12

0.37 Ri boflavin -23- 1.85 Ni aci nam de

9.2 30 i-inositol ~ 61.9 Cal G um

pant at henat e, ' 12.3 Water was MIli-Qultrafiltered

grade and was filtered into the isolator in the same manner as the diet.

1Cenposit£un-of salts 35D mixture given in table 3
2)dded in addition to sodium selenate in Salts 35D
iConpesitinn of vitamin B mix111ES as stated in Tgble 4
Added in addition to vitamin B~12 in vitamin B mix illES
(see EXAMPLE hareinbelov)

Such composition is fed to mice or rats ad libitum.

Composition of lipid supplement LADEK 69E6

Ingredient Ancunt per dally adult

dose* (0.385z1)
10 )

purified soy triglyecridos1 0.33g
Retinyl palnmitate 6.45ng9 (11.7 I.U.)
cholecalciferol 0.0288ng (1.1S I.U.)
2 ambo~-alpha-toceopharel 3.3ng9
2 anboealpha-tocophercl acetate 6.6ng
15 Fhylloquinone 72ng
*lacating mice recaive twice the normal adult dose.

1c°nsisting of: 12% palmitate
1.5% staarate
24% oleate

. $5% linoleate

20 8% linolenate

For & detailed description of CD diets see
Pleasants, J.R., et 8l., J. Nuty,, 116, 19495-196¢ (1986),
Pleagsants, J., et al., Garnfree Research: Microflora Centrel
25 and Its ngplicgiien to the Biomedical Sciences, B.S.
Wostmann, BEd., p. 67, Liss, New York (198S); Wostmann, B.S.,
et al., J. Nutr,, 112, 552 (1982): and Pleagants, J.R., et

al., J. Nutr., 100, 498 (1970), the disclosures of which are
incorporated herein by refarence.

4.4 PRODUCTION OF MONOCLONAL ANTIBODY
The germfree animal is then utilized for the

production of monoclonal antibodies. The germfree systam can
Be utilized to produce a monoclonal antibody to any antigen
that the animal in a nongermfree state could produce. An




-40- 5. 2. 4. M CROBI OLOG CAL MONI TORI NG The antigen-free systemwas tested
for mcrobial contam nation according to guidelines net out in Wstnann,
B.S. ad. (1970) Gnotobiotics Standards and guidelines for the breading care
and managenent of |aboratory animals, 5 National Research Council, National
Acadeny of Sciences, Washington, D.C &g¢efly, swabs wetted wth diet and
water frominside the isolator were used to obtain focal smars obtai ned
fresh fromthe nouse and fromthe accnul ated waste under each cage. Snears
were also taken fromthe walls of 10 the isolator particularly around the

o oL AR 0B ot amne Homs i i F. oot §75 R,
The second setHofevarabditwds balikvedr thet cttie germnfres cuiemlaprovided hw ee
weeks were allgned drhatcddSfmii{e resfonss to the antigen. Thus, one can
‘increase the likelihood of locating s B=lymphocyte that
produces an antihod& that is capable of binding to a specific
& epitope of the antigen. This is a major advantage of the
subject invention. In additiocn, it is believed that the
gernfree systen is particularly useful for generating a
highly specific antibody for those antigans with numercus
epitopes.

10 The gernfres animal can be immunized by standard
techniques. However, it is prefarred that the germfree
aninal be impunized at least three times with at lsast about
three veeks Detween each immunization, follewed by a
prefusion booster. It is believed that this increased level

15 of immunization may be necassary becauss it has been observed
that after two immunizations, which is customary, there are
still mostly IgM secreting B-lymphocytes rather than the
Preferred l1gG secrsting Belynphocytes.

20 , 4.S. SOMATIC CELLS
Scmatic cslls of the gerafres animal having the
potential for producing antibody and, in particular B
lyzphocytes, are suitable for fusion with 2 Becell myeloma
line. Those antibody-producing cells that are in the

25 dividing plastzhlast stage fuse preferantially. Somatic
cells can be derived from the lyzph nodes, spleans and
peripheral blcad of primed gernfres animals, and the
lymphatic cells of choice depand to a large extent on their
erpirical usefulness in the particular fusion systesm.

30 However, scmatic cells derived frem the spleen are generally
preferred. Once primed or hyperimmunized, germfree animals
can be used as a source of antibody-producing lymphocytes.
Mouse lymphocytes give a higher percentags of gtable fusions
'with the mouse myelema lines described hereinbelow. However,

35 the use of antibody-producing cells from other germfree

i , 10 Jax 1997
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15 culture was considered to be negative. M crobiological testing was
performed approxi mately every two weeks“or a few days after a new entry to
t he jsol ator had been nmade. 20 5.3. THE PRODUCTI ON OF MONOCLONAL
ANTI BODI ES USI NG - ANTI GEN- FREE M CE The antigen-free m ce descri bed

her ei nabove were used as the | ynphocyte donor in the production of

nonocl onal antibodi es. Sol utions of alT2®htigens were prepared under 25
sterile conditions in a |lamnar flow hood. The foll ow ng protocol was
adopted for the immuni zation of the AF mce. The antigen (25-50 mcro g)
was dissolved in sterile saline (100 mcro 1) and enulsified with an equal

vol ume of Freug,m=E gp&f‘fz pedaiiaat (et )cﬁﬁg.lggearipggﬁmcﬁl&)po units) was

added to the solUtion of en prior to t re of .t he, enul si on.
Sterile syringdrRivee,animal i’m‘gﬁas% tha %Pﬁan%jrﬂ“E&FPanf o5 1S g;rl nges

esgantisl that the germfree animal have a Belymphocyts in its
repertoire of B-lymphocytes that can produce an antibody to
such antigen.

4.6, IMMORTALIZING CELLS

Specializsd mysloma cell lines have been developsd

fron lysphocyts tumoers for use in hybridoma=producing fusion
procedurss (G. Xohler and C. Milstein, 1976, Bur. J. Immunel.

10 6:521-519: M. Schulman et &l., 1978, Nature 276:269~270).

The cell lines have bsen developed for at least three

reasons. The £irst reason is to facilitate the selection of
fused myelona calls. Usually, this is accouplished by using
nyelomas with enzyme deficisncies that render them incapable

15 of growing in certain selective media that support the growth
of hybridomas. The sscond reason arises from the inherent
ability of lyuphocyte tumor cells to produce theiy own
antibodies. The purpose of using menoclonal technigues is to
cbtain immortal fused hybrid cell lines that produce the

20 desired single specific antibedy genetically directed by the

~ somatic cell component of the hybridoma. Te eliminate the
production of tumor cell antikodiaes by the hybridomas,
myeloma cell lines incapable of producing light er heavy
immunoglobulin chains or those deficient in antibody

25 gecretion mechanisms are used. A third reason for selectien
of these cell lines is their suitability and efficiency for
fusion. |

Several myeloma csll lines can be used for the
production of fused cell hybrids, including NS-1, X6J-AgS8,

N NIS-Agé/i, MPCL1-45.6TG1l.7, X63-AgB.653, §p2/0-Agfls, FO, and
§194/5X%0.Bu.1., all derived from mice, and 210-.RCY3.Agl.2.3
derived from rats. (G.J. Hammerling, U. Hammerling and J.F.
Kearnly, eds., 1981, Monoclonal antibodies and hybridomas In
J.L. Turk, eds. Research Monographs in Immunolegy, Vel. 3,

35 plgevier/North Holland Biomedical Press, New YgszE
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were transferred to the AF isolator via the entry port where they were
sterilized by spraying with a solution of -41- peracetic acid (29 .
Booster injections were given using the sane anount of antigen and the
repl acement of FCA with Freund's Inconglete Adjuvant. A total of three
boost er inmuni zati ons were given each® i nterval s of three weeks. The
final boost (w thout adjuvant) was given 4-7 days prior 5 to fusion. Al

i mruni zations were given intraperitoneally. The mce werS renoved fromthe
i solator on the day of the fusion and were inmediately sacrificed by

CJ err] asphyxiation The spl eens mer@ifen@ﬁgg oRnd the spl enocytes fused

w th nouse nyel oma cell S:&oﬁ%)tgglgn%cratmg hyb:x.%a 02 tl& t echnol ogy.

producing splesn or lymph node cells and 1unortalizing cells
generally comprise mixing somstic cells with immortalizing
cells "in a proportien which can vary from about 20:1 to about

5 3:1 in the presencs of an agent or agents (chemical, viral or
electrical) that promote the fusion of cell membranes. It ie
often praferred that the same species of animal sarve as the
scurce of the sematic and impertalizing cslls used in the
fusion procedure. PFusion methods have besn desscribed by

10 Xohler and Milstein (1975, Nature 256:495~497; 1976, Eur. J.
Iumunol. 6:511-519), by Gefter at al., (1977, Somatic Celld
Genet. 3:231-236) and by Kozhor et al., 1983, Immunology
Today, 4, 72. The fusion-promoting agents used by those
‘investigators vere Sendai virus and polyethylene glycol

15 (PEC), respectivaly.

One can alse utilize the recently developad EBRV-

transformation technigue (Cole et al., 1985, Moncclenal

Antibodies and Cancer Therapy, Alan R. lLiss, Inc;, Pp. 77~
96) .

4.8, ISOLATION OF CLONES AND ANTIBODY DETECTION
Fusion precedures usually produce viable hybrids at
very lov freguency, about 1 X 10°° to 1 x 10™%. Because of
the low frequency of obtaining viable hybrids, it is

25 escential to bive a peans to select fused cell hybrids from
the remaining unfused cells, particularly the unfused myeloma
Calls. A maans of detecting the deairsd antibvody-produeing
hybridomas among the other resulting fused cell hybrids is
8150 necassary.

30 GensTally, the fused cells are cultured in
sslective media, for instance HAT medium, which contains
hypoxanthine, amincptarin and thymidine. HAT medium permits
the proliferation of hybrid cslls and prevents growth of
unfused nyelcma cells which normally would continue to divide

3B indefinitely. Aminopterin blocks de noevo purine and




5.4. USE OF THE ANTI GEN- FREE ANI MAL SYSTEM FOR THE PRODUCTI ON OF A

FI BRI N-, SPECI FI C MONOCLONAL ANTI BCDY 15 The antigen-free system
was used to generate a fibrin-specific nonoclonal antibody. The antibody is
hi ghly specific and does not recognize fibrinogen, fibrin degradation
products or fibrinogen degradation protflrets. The hybridoma cell |ine was
produced by fusion of splenocytes from.antigen free BALB/c m ce, inmmunized
with human fibrin, and NS1 nyeloma cells. 5.4.1. | MMUNI ZATI ON SCHEDULE
Three eight weak old fenmal e antigen free mce were inmunized with, 33

fractur o sampPe iine, BAChELaP B oLhbibsctly RaPBtQiicttofRae T | /1050
was convert edtetrshyszofopsten, Fhs; Hdgﬁﬂf%(ﬂtoﬂmm%ﬂe bypasses, the c| ot was
then frozen Bleck in pyrimidine synthesis, while hypoxanthine is included
in the media 80 that inhibited cells can synthasize purine
using the nucleotide salvage pathway. The zyeloma Cells
§ aszployed are putants lacking hypexanthine phosphoribosyl
transtayrase (HPRT) and thus cannot utilize the malvage
pathvay. In the surviving hybrid, the B lymphocyte supplies
genstic information for production of this enzyme. Since B
lymphocytes themselves have a limited life span in culture
10 (approximately two weeks), the only cells which can
proliferate in HAT media are hybrids formed from myelcma and
spleen cells.
To facilitate screening of antibody secrated by the
“hybrids and to prevent individual hybrids from overgrowing
16 others, the mixture of fused myelcma and B-lymphocytes is
diluted in HAT medium and cultured in multiple wells of
microtiter plates. In two to three weeks, when hybrid clones
become visible microscopically, the supernatant £luid of the
individual wells coentaining hybrid clones iz assayed for
20 specific antibody production.
The assay must be sensitive, simple and rapid.
Assay techniques include radicimmuncassays, enzyne
immuncascays, cytotoxicity assays, and plague assays.

s 4.9. ¢f33, PROPAGATION AND ANTIBODY PRODUCTION
~ Once the desired fused cell hybrids have besen

selected and cloned inte individual antidody-producing cell
lines, each cell lina can be propagated in sither of two
standard ways. A sanple of the hybridema can be injected

30 into a histoccmpatidle anizmal of the typs that was used to
provide the somatic and nmyeloma cells for the original
fusion. The injectad ariimal develops tumors secreting the
specific moncclonal antibody produced by the fused cell
hybrid. The body fluids of the animal, such as gerum or

B ascites fluid, can be tapped to provide monoclonal antibedies
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30 in liquid nitrogen and reduced to an extrenely fine powder by nechani cal
di sruptikon. A dispersion of the freeze fractured fibrin was nade in saline
to give a clear solution of crosslinked fibrin XL-Fn with a final
concentration of Ing/nmL. 33 mcrolL of is fibrin antigen was used to 35

i mmuni ze the animals. The vol ume of tHe antigen sol ution -42- was
adjusted to 100 mcroL with sterile saline and was then enulsified with FCA
as described in the |ast section. Two booster inmmunizations were
adm ni stered, at intervals of three weeks, using the sane | evel of antigen

in Freund's |ficoiiighetoncdstratioh. TAPtdvvtliviepsitie inRigidea celdys S
Prior L9 Lo {40l an'Be SAFadetia! 1"y Al URM1BSIGRY Bfeded 1VaNt VaS
. vassels. The culture medium, containing high concentrations
of a gingle specific monoclonal antibody, can bs harvested by

decantation, filtration or centrifugation.

4.10. USE OF THE MONOCLONAL ANTIBODY

The monoclonal antibodiss made by the method of the
subjesct invention can be utilized in any technigue known or
to ba developed in the future that utilizes & sonoclonal

10 antibody.

A major use of monoclonal antibodies is in an
immuncassay, which is the measurament of the antigan-antibody
interaction. Such assays are generally heterocgensous or
hemogenecus. In a homogeneous immunocassay the immunological

16 reaction usually involves the specific antibody, a labeled
analyte, and the sample of intersast. The signal arising from
the label is modified, directly or indirectly, upon the
binding of the antibody to the labeled analyte. Both the
immunelegical reaction and detection of the extent thereof

20 are carried out in a homogeneocus solution. Immuncochemical
labels which may be employed include free radicals,
flucrescent dyes, enzymes, bacteriophages, coenzymes, and so
forth. The major advantage of a homogeneous inmuncassay is
that the specific antibody need not be separated from the

25 labeled analyts. . _

In a hetercgenecus immuncassay, the reagents are
usually the specimen, the spscific antibody, and means for
producing a detectable signal. The epecimen is generally
placed on a gupport, such ac a plata or a glide, and

30 contacted with the antibody in a liguid phase. The support
ig then separated from the liquid phase and either the
suppart phase or the liquid phase is axanined for a
detectable signal employing means for producing such signal.
The signal is related to the presence of the analyte in the

35 gpecimen. Neans for producing a detectadbls signal include

H




5.4.2. DETECTI ON AND DETERM NATI ON OF ANTI BODY Qualitative and quantitative
determnations of 10 nonocl onal antibody were perforned using an enzyne

| i nked i munosor bent assay (ELISA). The ELI SAs were performed using human
fibrin imobilized onto a 96 well PVC plate (Costar). The fibrin coated
assay plates were prepared by incubat429y 100 m croL of a fibrinogen
solution (Kabi, grade 15 L) (50 m crograns/ nL borate/saline buffer)
overnight at 4[err]C. Unbound fibrinogen was renoved by washing with PBS
cont ai ning 0.05% Tween 80 (PBS-Tween). The fibrinogen coated onto each

pl astic wel | s converted to fibrj I geubation W th ‘mcroliters of
a thronbin so nejife o‘-’&%‘%ﬁﬁiﬁﬁiﬁbﬁ%' %H{’E‘Pﬁﬁd"szi%%'er £8r 1 hour
at 37[err]C. Sushdar Bxenplamyaofoheteroganedss irxmunoasspydyaretheconst ruct ed
using a pr ep%ﬂﬂo}i@@%ﬂ%ﬁ%ﬁ%ﬁﬁ@!ﬁb%&ﬁ&ﬁm,biniﬁﬁe%ﬁa{ro

| I_ndi

prevent non-s e%'nauuyl, 4 tthr.\eﬁ*.b.rl n coated

For a mpore datajled discussion of the anove

$ impuncassay techniques, sea "Engyme-Immuncassay,® by Edward
T. Maggio, CRC Press, Inc., Boca Raton, Fla., 1980. Ses
alsc, for example, U.S. Pat. Nos. 3,690,034; 3,791,932;
32,817,837; 3,850,578; 3,853,987: 3,867,317; 3,901,€654;
3,935,074;: 3,984,533; 3,996,345: and 4,098,876, which listing

10 is not intanded to be exhaustive. '

Ancther major use of moncclonal antibodies are in-
vive imaging and therapeutics. The monoclenal antibodies can
be labelled with radicactive compounds, for instance,
radicactive iocdine, and adninistered to a patient

15 inhtravenously. The antibedy can alsc be labelled with a
magnetic proba. ‘NMR can then be utilized to pinpoint the
antigen. After lecalization of the antibodies at the
antigen, the antigen can be detected by emission
tomographical and radionuclear scanning technigues, thereby

20 pinpointing the location of the antigen.

' By way ef illustration, the purified moncclenal
antibody is suspended in an appropriate carrier, e.g.,
saline, with or without human albumin, at an appropriate
dosage and is administered intravenously, e.g., by continuous

26 intravenous infusion over saveral hours, as in Miller et al.
In Hybridomas in Cancer Diagnesis and Therapy (1982),
incorporated herein by treferences.

The moncclonal antibodies of sudbject inventien can
be used therapesutically. Antibodies with the proper

30 biclogical properties are useful directly as therapeutic
agents. Alternativaly, the antibodies can be bound to a
toxin to form an immuncotoxin or to a radioactive material or
drug to forzm a radicpharmaceutical or pharmaceutical.

i
1
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25 plates were incubated with a 1% solution of BSA in PBS pH7.4. Antibody
contai nh.ng solutions (100 mcroL) were then added and i ncubated at 37-C for
90 m nutes. After each step in the procedure the wells were extensively
washed wi th PBS- Tween. Bound anti body was detected by the addition of a 30
1000 fold dilution of rabbit anti-nnquﬁantibody conjugated to al kaline
phosphatase (Signma) diluted in PBS, 1% BSA 35 -43- 5.4.3. PRODUCTI ON COF
HYBRI DOVAS - FUSI ON The nmice were sacrificed by CJerr] asphyxiation and a
spl enectony perfornmed i nmedi ately. The spleen cells fromtho inmunized m ce
were fused with the fusagent pol yethyl ene glycol 4000 (3000-3700). The
call s vere inMeshodd for preducing immunotoxins and radiopharmaceuticals

of antibodies are welleknown (see, for example, Cancer
Treatment Reports (1964) 68:317-328).
It also is balieved that polycleonal antibodies

derived fron a germfree arimal also can be utilized in

s immgnoassays and provide an improved result as compared ¢to
polyclonal antibodies derived from & conventional animal.
Polyclonal antibodies derived from & germfree animal can be
made by utilizing a germfree animal, as described
hersinabove, and immunizatien techniques, as descrided

10 hereinabove, followed by separating the polyclonal antibedies
fron the animal by cenventional techniques, e.g. by
separating the serum froz the animal.

5. A _FIBRIN-SPECIFIC MONCCLONAL ANTIBODY
16 5.1. BACKGROUND
The hezostatic mechanism is a complex
physiological response mechanism involved in repairing
damage to a ruptured blcod vessel. Hemostasis is achieved
through the co-cperative interactions among the wall ef the
20 damaged blood vessel, the platelats and the coagulative
systen. The role of tha coagulation systen is to provide an
extensive £ibrin network to stabilize and anchor the
platelet plug vhich has been assembled on the subendothelial
structure of the damaged vessal. The formation of the
25 inscluble fibrin matrix from circulating fibrinogen is the
result of a complex segquence of rsactions culminating in the
explosive production of thrombin at the required sites.
Coagulation is an amplification process involving a chain of
enzymatic reactions in which proenzymes (clotting factors)
30 are activated seguentially to active enzymes. There are a
nunber of physiclogical mechanisms controlling the fibrin
Polymerization process involved in thrombus formation.
These include the thrombin inhibitor antithrombin IXX




6 selection nedia in T flasks for 1 weak. After this tine the cells were
plated out into S X 96 vall plates fromwhich 93 wells showed growth. O
these, 19 wels were positive for the fibrin antigen. One of these clones,
F492DS (| ater renamed MHL), produced ant+¥aody whi ch recogni zed the fibrin
10 antigen but did not crossreact wth fibrinogen. This dilution with the
terltiary cloning phase perfornmed at | call per well. Once the call |ine
was stabilized it was weaned onto a serumfree sediumthe cell |ine

P P GaT O o SHIRTEd enRESt M@ﬁf‘iﬁé w0 popphench e
of) tissues cul tthe tibgdnalytic syatsn sush o fissue P neges | achivatoy
debris and fil tef@‘#ﬂ hr,gggb‘-_a ﬁ.&m,egg% ruhﬁuymagb(m to renove any

L h Gt o a vol ume. of "500KRS sep %“i?“*m%d" NES. Piodiad BY, KEHRE)4pE ¢
enpl oying a YM 1956 Astzup, T., Blood 11, 781-806 (1956) states than ln
§ equilibrium exists between fibrin formation (cosgulation)
- and £ibrin dissolution (fibrinolysis). In the normal or
~ healthy state these functions are evenly balanced. However,
when the hemostatic process is impsired, coagulation and
fibrinolysis are patholagically expressed as throubosis and
10 ‘hemorrhage, respectively. The clinical manifestations of
pathological thrombosis or thrombotic disease are extremely
diverse and include disseminated intravascular coagulation
{D2C), deep vein thrombosis (DVT), arterial and venous
thrombogis. Thrumbosmboliam and thrombotic complications of
1§ other vascular disease (eg. atherosclerosis) can result in
occlusion of major arteries leading to organ ischemia and
the attendant life-threatening conditions auch as
cerebrovascular accideat (stroke}, myocardial infarctian,
etc. i
20 ° "The fibrinolytic process invelves the conversion
of an inactive 2ymegen, plasminogen, to the protsolytic
enzyze, plasmin, through the action of agents known as
plasainogen activators. The molecular nechanism of
physiological fibrinolysis is not fully understood, but it
25 4s known that during fibrin formation plasminegen binds to
f£ibrin where it can be activated by plaszinogen activators,
e.g. t=PA. In this manner plasmin generation proceeds
within the thrombus whare it is protectel from inactivation
by the main physielogical inhibitor of plasmin, alpha,-
30 antiplasmin. '

Upon exposure to plasmin, fibrinogen and £ibrin
are broken down to their degradation products. Fibrinogen
breaks down into fragments X and Y, and upon further
exposure to plasmin, fragments D and E. Fibrin breaks down

Y———
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type anbrane (Ami con) with nol ecul ar weight cut of 30,000. 25 Buffer
exchange to 20nM 2 (N-norpholin) ethane sul phonic acid (MES),

A) was accopli
i nstructions.

anti body solution was filtered through %" 451 nicron nyl on nenbrane 30

before further

shed by diafiltration according to the manufacturers
After further concentration to a final volune of 100 ml,

purification. The concentrated anti body sol uti on was

pH6 (Buffer

t he

purified by liquid chromat ography on a Waters HPLC chr omat ograph using a
ABX columm (J.T. Baker, Phillipsburg, NJ). The col umm was
equilibrated\Mégl

Tate 35 - au i tHAsRERE K7 B eRAUR frca) WAL pdOeL A Bhpfin aid |

7. 75mMm X 10cm

10

1§

crosslinked D-dimar, D-D/E complex, ¥ dimer, Y-D-dimer asnd X
cligomer from crosslinked fibrin.

Assays for markers of thrombotic discrders have
been conducted until quite recently using polyclonal
antibodies in both radioimmuncassays and latex sgglutination
type assays. These assays have been demonstrated to be
extremely unreliable by Gaffney (Gaffney, P.J., Ann. N.¥.
Acad, Sci., 408, €07-423 (1983). More specific and
sangitive immunoassays (such as ELISAs) using monoclonal
antibodies are becoming common practice in clinical
laboratories. The limiting factor in these diagnestic
assays is the specificity and affinity of the particular
sonocclonal antibedy employed. The generation of highly
specific antibodies to any of the potential indicators of
impaired hemostasis is hampered by both low levels of
indicators and the antigenic ralatedness of the particular
marker with its precuzsor, which is normally present at much
higher levels in plasma. Examples are the formaticn of
complexes between enzymes and their inhibitors eg.
thrombin-antithrombin III, plasnin-alpha,-antiplasmin, t-
PA=PAl=-1. The number of new antigenic sites generated by
such complex formation is extremely small and makes the

| production of immunological probes (such as wmonoclonal

antibodies) difficult.

Likewise, the majer problem associated with the
acquisition of a moacclonal antibody to £ibrin has been the
structural and conformational similarities between fibrin
and its physiological precursor fibrinogen. It has been
estimated that the conservation of covalent structurs -when
fibrinogen is converted to fibrin is greater that 98% (Plow,
E.F., et al,, Semin. Thromb. Haemostas, 8, 36 {1982) and,
therefore, only a small percantage of the epitopes on the
fibrin molecule are in fact necantigens (and unigue to
£ibrin). Many of the approaches which have besn adopted to

B
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anti body was eluted fromthe colum with a gradient frombuffer Ato | 00%
buffer .B (1M sodi um acetate pH7) at 1 m/mn. Fractions (2m) were

coll ected and those containing MAb (as determ ned by ELI SA) were pool ed and
5 di al ysed agai nst phosphate buffer saline (PBS) (20nM sodi um phosphat e,
150mM sodi um chl ori de, pH7.4) end stored at -20[err]C at, concentrations >
1nmg/ M. The ABX col um was regenerated3ﬂy washing for 5 mnutes with 100B
buffer B, followed by re-equilibration with 15 col unmm vol unes of buffer A
10 5.5. DETERM NATION OF FIBRIN SPECIFICITY Initial determnation of fibrin
specificity was achi eved by screening hybri doma supernatants separately on

fibrin and fibge Qénﬁﬁg.l Inti6681dd Havhl BbAGentIUeka BRSCorthiaThl || NS

produci ng anti d_not crossreac ggn were acCcept ed.

Further confi e Px vith aalubl spﬁkkwﬁaanygmaets and synthetic peptides
which mimic exposed necantigenic gites on fibrin. See Hui,

K.¥., et al., Science 22, 1129-32 (1983), Schesfers-Borchel,
V., et al., Proe. Natl. Acad. Sci USA, 82,7091-95(1988),

5 Elms, M.J., et al., Thromb. Haemostas, 50, 591-94 (1983, and
Kurdeyk, B., et al., Mol, Tmmul., 21, 89-84 (1984).
However, it is believed that the binding site of such
antibodies is conserved during the £ibrin degradation
process and, therefore, such antibodies also can bind to

10 fibrin degradation products.

The subject invention permits one to take &
completely different approach and utilizes the iatact £ibrin
antigen ‘in conjunction with the enhanced immunological
sensitivity of the antigen free (AF) animal to produce a

15 €ibrin-specific monoclonal antibody. For the purpose of the
subject invention, a fibrin.specific monoclonal antiboedy
binds to £ibrin and not to fibrinogen, the fibrinogen
degradation products or the fibrin degradation products.

20 §.2. MATERIALS AND METHODS
$.2.1. ANIMALS
Germfree BALB/cAnN mice were cbtained from the
germfree (GF) colony maintained at the University of
Wisconsin. The animals were transported ¢o our facility
.2 under GP conditions. The Antigen-Free (AF) coleny was
initiated by moving pregnant GF mice fed a natural
ingredient diet L-485 (See Pleasants, J.P., et al., J.Nutr.
116, 1949-1964 (1986)) to an AP isclator where the nmice
were immediately transferred to the chemically defined (CD)
30 AF diet. Their offspring, which had never directly
centacted a Natural Ingredient (NI) dfet, were weaned from
maternal milk to CD diet and were designated the fivst AF
generation. The AF mice were mated in paizs until the
female was noticeably pregnant; then the male was removed to

a5
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determned utilizing a conpetition assay with fibrinogen in solution,
thereby.confirmng that the anti body does not 20 recognize fibrinogen in
solution. Tho conpetition assay enployed to ascertain the fibrin
specificity of the antibody was perfomed as described for the tlA assay

her si nabove with preincubation of the a®4tbody with fibrinogen in solution.
Briefly, 25 hybridoma supernatant was incubated at 37[err]C for 30 m nutes
wi th solutions of fibrinogen at physiol ogical concentrations (4ng/m)
containing BSA (I10Ong/m ) to prevent non specific binding of antibody to

of o erotite ajﬁ S58°ShRCkAREe plld Lokl Efoa W BeE BRELAC 17
(GPRP) was add@®ib kirddr supplerant .i nKoung Jfeneo wesned nat s Saymcof

pol ynmeri zati onggé. fi bri nogen by residual thronbin in the fibrin wells. The
assay is then performed as a conventional ELISA assay for antibody bound to

an i mmobilized antigen.
5.2.2. HOUSING

R AF breeders were housed in pairs in one half of a
standard polycarbonate mouse cage 28x17.8x12.7¢cm. The
bottom had been cut ocut and replaced with a false bottom of
mesh stainless steel. A longitudinal divider of sheet
stainless steel was bolted to the ends of the plastic cage,

10 projecting encugh above and beycnd the cage to hold in place
3 1id of stainless wire. This recessed 1id, which nermally
£its inside a cage, was inverted to provide more adequate
-head room above the falge bottom. Stainless steel collars
of appropriate size wers vwelded to the top of the 1id to .

15 hold 60mL diet bottles. Four stainless steel cups were
welded to the sides of the longitudinal divider at the ends,
halfway between the false bottom and the top. (A picture of
the cages appsars in Pleasants, J.R., The germfree system
for aging and immunity In: CRC Handbook of Immunclegy in

20 Aging, (Kay, M.M. B.S. Makinodan, T., eds.), pp. 257-297,

" CRC Press, Boca Raton, Fl. (1981). The diet bottles were of
brown glasg. Both diet and water bottles had plastic lids
with holes drilled in their centesrs. The bottles were
filled and inverted in their collars. The lipid supplement

25 was measured daily into the stainless steel cups. A plastic
pan wvas placed under each cage to receive wastes.

The filter paper which served both as bedding and
a3 ingestible fiber was Whatman aghless filter paper No. ¢1,
puzchased as clippings (Sargent Welch). For bedding the

30 paper was cut into strips. Uncut squares of the paper were
used £or cleanup inside the isolator. The paper was
autoclaved for 25 min at 121'C, or was Srradiated (¢.5 Mrad)




35 -45- |In all experinents to test the fibrin specificity of the VHL

anti body a second anti body 45J was used as a control. 45J crossereacts
with fibrin and fibrinogen. 5.5.1. DETERM NATI ON OF CROSSREACTIVITY WTH
FI BRINOGEN 5 . 5.5.1.1. 1'MMOBI LI ZED FI BRIN AND FI BRI NOGEN The cal

line MXI produces a surine nonocl onal*#Ti body which czossreact with fibrin
when it is inmmobilized on the surface of a PVC mcrotiter assay plate
(table 5). In the sane assay the antibody does not 10 recogni ze f.brinogen
i mobilized on the plate. As the data on table 5 indicate, there is a

dramat | 1O plab b THAGP! @301 HiLd £ vbh AR Pabis C04 Ve 1 ©
one end of the cage. It was replaced when it becane wet,
yellow or dirty.

The cages wers maintained ingide a 1.37x0.6x0.6M
flexible isoclator of the Trexler type (Trexler, P.C., Lab.

$ Anim. Care, 13, 572-581 (1963)), using standard gnotobiotic
technology (see Wostmann, B.S., Bd., Gnotobiotes Standards
and Guide Lines for the Breeding, Care and Management of
lLaboratory Animals, National Research Council, National
Acadeny of Sciences, Washington, D.C.) The isoclators were

10 maintained in a room at 21°C on & 12h light dark schedule.
A 2.5cm diameter Tygon tube 7.5Sem long was sealed to the
top of the isoclator and closed with vinyl stoppers at both
top and bottem. This provided an entry for sterile
‘filtration of diet, water and oil.

15

5.2.3. DIET

Table 1 indicates both diet composition and the
sequence for dissolving the ingredients in ultrafiltered
Milli-Q water (Millipore, MA). The amino acids and dextrose

20 were Sigma tissue culture grade. Vitamins were also from
Sigma except for pure retinyl palmitate, kindly supplied by
Hoffman-La Roche, Inc. (Nutley, NJ). The other reagents
were Figher certified or equivalent. The complete water
soluble diet was filtered cold through an Amicon Diaflo TC3

25 ultrafilter using three Pm10 membranes 150mm in diameter
(Amicon).

The ultrafilter membranes had & molecular weight
cut off of 10,000 daltons. The assembled ultrafilter
apparatus was sterilized before use by passing a 0.15%

30 godium hypochlorite soclution through it, followed by
thorough washing. Ultrafiltered diet was stored at &~C in
sterile reservoirs until needed. The diet was introduced
inte the AF isolator using a 0.2um Nylon (MSI) filter in an
autoclaved pressure filter holder with its delivery tube
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t hr onbi n,

I ndicating clearly the exposure or formation of a neaepitope on
the fibrin nol ecul e.

The eontrol antibody, 1S 45W however clearly

recogni zes an epitope which is conserved when fibrinogen is converted to

fibrin., 5.5.1.2,

COVPETI TI ON ASSAY W TH FI BRI N AND FI BRI NOGEN 20 anti body,

was further denonstrated in a conpetL&%Qn assay in which hybridoma
super nat ant was prai ncubated with a fibrinogen solution (final

concentration of 4 ng/al) prior to an ELISA on fibrin coated Vells.

such a high |leve

that 25 of the antibody concentration) BSA (10 ng/ al

Si nce
of fibrinogen was used in.this conpetition assay (x500
final concentration)

was added t o iniserteduinto ahNophNeabreteRPtoppenddFort thiw cpuzposei, brin

polynerizatigﬂ,bg

wel | of

&5 il
of this assay |8'g%€te ?ﬁé
fibrinogen i Me83Pd: ¥R theriopeo
tube was sprayed with a sterilizing solution of 2% perscetic
ascid containing 0.18 alkyl-aryl sulphonate.

) kb
Tt

sl efdBudd ddh €881 Fhdlbldube The results
1 d { 0
e %%%Eério«e?ﬁ}hﬁ&nﬁ%f%?'éﬁég to each

The filter

€ holder stopper was insezted in place of the upper stopper.

After

20 minutes the lower stopper was removed (inside the

igsclator) and diet or water was f£4iltered into the isolator

under

10

20 psi of nitrogen.
The composition of the lipid supplesment is given
The soy triglycerides were a preparation made

from those methyl esters which vacuum distilled over a
temperature range yielding the estars from palmitate to

dinolenate.
glycerol to form the mixed triglycerides.

15

These ssters wers then transesterified with
{Nu=-Chek Prep,
The fat-goluble vitaming were added to the

triglyceride mixture before {ts filtration into the isolator
at which time it wag warmed to 50-C and filtered into the
isolater by the same procedure used for the water-soludble
portion of the diet.

20

The lipid intake was a measured 0.375ml/day.

Increasing the lipid supplement has greatly decreased the

amoztality rate 6f newborn mice.

The average litter size has

alsc increased to that of conventionally reared animals.
Lactating females received twice the normal amount of lipid

supplement.

TABLE 1

Compogition and preparation of chemically defined Qiet

L489E1Se

Ingredient

Amount
{(grams/100 grams
of Ingredient)

et 1o 8 m et it e i e b, WA

[
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the mcrotiter assay plate, then the fibrinogen |level used in this
particular conpetition assay represents a 1,000 fold 35
the bound fibrin antigen. In addition it represents a 400 fold excess of
the anti body level in the tissue supernatant. TABLE 5 Crossreactivity of
IMHL Anti body with Fibrinogen and Fi bria3?ati gen MAb

A4CSav/ 30 s-n.

.90
1.50

10

%

20

10 Fi brin
. 025 453 1.65

-46- excess over

fibrinogen HL

To 182 Bl Milli-Q water 70-C the following were addad:

Leucine
thenylalanine
Igoleucine
Mathionine
Tryptophan
Valine
Asparagine
Arginine HCl
Threcnine
lysine HC1
Histidine RCl

1.9

.74
1.08
1.06
0.37
.23
0.91
0.81
n.74
1.27
C.74

The solution vas coocled to 45~C and the following added:

Glycine

Proline

Serine

Alanine

Sedium glutamate ,
L-tyrosine ethyl ester HCI
FeTrous glucenate

salts 3spt |

Sodium Selenite?

Solution cooled to 5-C and the following added:

Calcium glycercophosphate

Magnexium glycerophosphate

Calecium chloride 2H,0

Sodium chloride-Potassium Iodide (KI) mix
(containing 680mg KI)

vitamin B mix 111£5°

vitanin B12°

Cheline chloride

0.53%
1.48
.33
0.59
3.40
0.62
0.05
0.105
0.074

§.22
1.43
0.185
0.086

0.09 -
1.20mg
0.3
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15 TABLE 6 20 Crossreactivity of MHL Antibody with Fibrin in the Presence

of Fi brirnogen MAb [err] 405nM 30 m n. 25
-fibrinogen -fibrinogen HL 1.24
1.27 45] 0.438 1.74 30 5.5. 2.

DETERM NATI ON OF CROSSREACTI VI TY W TH F| BRI N( OGEN) DEGRADATI ON PRCDUCTS
Fi bri nogen degradati on products (FDPs) %ere prepared by incubating

fibrinogen with plasmn at 37[err]C for 35 tine periods ranging from 10
mnutes to 3 hours. At the

Potassiun acetate 1.85
To 108ml Milli-Q water at 70°C
D~Dextrose, anhydrous was added

Selutions cooled to 5°C and combined both for
ultratiltragian.

lcanposition of salts 35D mixture given in Table 3

10 %added in addition to scdium selenits in Salts 35D
dcompositicn of vitamin B mix 111ES (sea Table 4)
4added in addition to vitamin Be12 in vitamin B mix 111ES

TABIE 2
.15. Compositicon of lipid supplement ILADEK 69E6
Ingredient Anount par dally dosex (0.375ml)
Purified soy triqueezidcsl 0.33¢g
20 Retinyl palaitate 6.452g (12.7 I.U.)
Cholecaleciferel .0288myg (1.185 I.U.)
¢ ambo-alpha-tocophersl 3.3ng
2 amboealpha-tecopherol acatate 6.6mg
25 Phyllogquinone _ : 72mg
*Lactating mice received twvice the normal adult dose.
ICOnsisting of: 12% palmitate
1.5% stearats
30

24% oleate
55% linoleate
8% linclenate




-47- desired tinme fibrinogenolyais was stopped by the addition of Trasyl ol
(100 Kallikrein inhibitor units/nm) and 20 nM epsilon am no caproic acid
(EACA).. Crosslinked fibrin degradation products (XLFDPs) were prepared by
the’ addltlon of thrombin (4NIH units/nL) to 5 a fibrinogen solution (5
mg/mL) in Tris buffered saline (TBS, pégom 4, 50 MM Tris HA ., 150 nmM NaCl)
containing 10 nM Cacl[err], plasm nogen (0.25 ng/nL) and uroki nasa (50

W nmL). The mxture was incubated at 37[err] C and the plasm n digestion
termnated at different tinme intervals as described herein- 10 above for
the FDPs. To determ ne crossreactivity of the antibody with fibrin
degradati on products and fibrinogen de@bﬂﬂi&ion products the appropriate

degradation products wereagodladion af the 35D Salts Mixture

Salt Amzount (per 300ml of diet) (mg)
s
Mn(acatates) 2 4320 55.4
Z'ASO‘ 320 40.6
(acutato)z 3.7
cr(ac.tatc)3 2 2.5
NaF 2.1
10 Snso‘ znzo : 0.37
(NH‘)s se,oz‘ 48,0 0.37
R;clz 3,0 0.37
eo(aeotat.)z 4H20 0.11
O 0.22
15 8y -
Ra SOQ 0.096
TABLE 4
Coemposition of the Vitamin B Mixture 111ES
20 " ' -
* Ingredient Anount (mg)/300ml Diet)
‘Thiamine HC1 * l.23
Pyridoxine HCl 1.54
28 Biotin ' 0.2%5
Folic Acid 0.37
Vitanin Bl12 0.37
Riboflavin ' - 1.88
Niacinamide 9.2
3p0 i-inositol 6.9
Calciunm pantathenate 12.2

Water wvas Milli-Q ultrafiltered grade and was
filte;ed into the isolator in the same manner as the diet.




onto mcrotiter plates and ELI SAs were perforned by 15 conventi onal

met hods. As the results in Table 7 indicate, the MH "anti body does not
crossreact with any plasm n generated fibrinogen degradation products. As
table 8 indicates , the antibody does not react with XL-fibrin degradation
products. This observation al so was nade when 20 the anti body was tested
for crossreactivity by Western blottingggnal ysis. The conclusion can be
drawn that the antibody recogni zes an epitope of the intact fibrin nolecule
which is not present or exposed on the surface of the precursor 25

nol ecul e, fibrinogen. the epitope is apparently destroyed by plasnin
di gestion of crosslinked fibrin as the data |n table 8 suggest.
Accordingly, the |l antibo%is.diés aMICROE NFnal anti body which

can be defined as foll ovie stigen-free -fﬁui bﬂsmm gotr ©berodfylect

| nvention a contanination according to guidelines set ocut in Wostmann,
B.S. ed. (1970) Gnotohiotics Standards and quidelines for
the breeding care and management of laboratory animals,

5 National Research Council, National Academy of Sciencas,
Washington, D.C. Briefly, swvabs wetted with dist and water
from inside the isolater were used to obtain fecal smears
cbtained frash from the mouss and from the accumulated wvaste
under each cage. Smears ware also taken from the walls of

0 the isolator particularly arcund the entry ports. Duplicate
sTears vere always taken. One set was tested by direct
microscope axamination for bacteris and fungi, using a gram
gtain. The second get of swabs was used for detection of
microorganisms. Thres weeks vers allowed to elapse bhefore 2

15 culture was considered to be negative.

Microbiological testing was performed
approximately evary two veeks or a few days after a new
entry to the isolator had been made.

20 5.3. THE PRODUCTION OF MONOCLONAL ANTIBODIES
USING ANTIGEN~FREE MICE

The antigen-free mice described hereinabove wera
used as the lymphocyte donor in the production of monoclonal
antibodies. Soluticns of all antigens were prepared under

g5 Sterile conditiong in a laminar flow hood.

The fellowing protocol was adopted for the
immunization of the AF mice. The antigen (25-50 micro g)
was dissclved in sterile saline (100 micre 1) and enulsified
with an equal volume of Freund‘s Complete Adjuvant (FCA).

3p Interferon (1000 units) was added to the solution of antigen
prior to the preparation of the esulsiecn. Sterile syringes
and needles ware used for all immunizations. The syringee
were transferred to tha AF isolator via the entry port where
they were sterilized by spraying with a solution of
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fibrin-specific nonoclonal antibody is a nonoclonal antibody that: 35

-40- 1. -in a conpetition assay to neasure crossreactivity with fibrin and
fibrinogen,” as described herei nabove, the nonoclonal antibody has |ess than
about 75% and preferably |less than about 10% crosreactivity with
fibrinogen when fibrinogen is utilized™43r a quantity of 5 a 1.000 fold
excess as conpared to fibrin, 2. in an assay to neasure crossreactivity
with crosslinkad fibrin and fibrin degradation products, as described

hezri nabove, the reactivity of the nonoclonal antibody with the fibrin that

has been di gegigadhcati8 RELEN2Y).0T Booster injections were given using

the sade amount of antigen and the replacemeant of FCA with
Freund’s Incoaplete Adjuvant. A total of three boogtar
immunizations vere given each at intervals of thres veeks.
The final boocst (without adjuvant) wvas given 4-=7 days prier

5 ¢o fusien. All immunizations wers given intraperitoneally.
The mice vers ramoved from the isolator on the day of the
fusion and vere izmediately sacrificed by co, asphyxiation
The spleens were ramoved and the splenccytes fused with
zouse myeloma calls (NS1) using standard hybridoma

10 technolegy.

S.4. USE OF THE ANTIGEN-FREE ANIMAL SYSTEM
FOR THE PRODUCTION OF A FIBRIN-SPECIFIC

MONOCLONAL ANTIBODY
The antigen-fres system vas used to generste a

fibrin-specific moncclonal antibedy. The antibody is highly
specific and does not recognize fibrinegen, f£ibrin
degradation preducts or fibrinogen degradation products.
The hybridoma cell line was produced by fusion of
Splenocytes from antigen free BALB/c mice, immunized with
human £ibrin, and NS51 myeloma cells. '

18

5.,4.1. IMMUNIZATION SCHEDULE

Three eight veek old female antigen free mice were
‘immunized with, 32 micrograms of a human fibrin preparaticn.
The preparatiofi vas & freeze fracture sample of fibrin which
vas prepared as followvs:

Human fibrinogen wes converted to fibrin by
thrombin and Factor XIIIa. The fibrin clet was then frozen
in liquid nitrogen and reduced to an extrexely fine powder
by mechanical disruption. A dispersion of the fresze
fractured fibrin vas made in saline to give a clear solution
of crosslinked fibrin XLeFn with a final cencentration of
irg/mL. 33 microl of this fibrin antigen was used to
s imnunize the animals. The volume of the antigen golution

e
H
i
i




10 about three hours is loss than about 50% and preferably |ess than
about 40% of the reactivity of the nonoclonal antibody with fibrin at tine
zerg, and 3. in an assay to neasure crossreactivity with fibrinogen and
fibrinogen degradation products, as described 15 her ei nabove, the
reactivity of the nonoclonal antibody wgs fibrinogen that has been
digested with plasm n for about four hours is no greater than the
reactivity of the nonoclonal antibody with fibrinogen at tinme zero. The Ml
anti body has been further characterized by 20 determning its affinity for
fibrin. The affinity was determ ned by Scatchard anal ysis (Frankel at al.,
Mol ecul ar | muwesoggjuated 1y 100cpicred) withi steniis ssiioe and \Was thenbody.

The val ue obt aigp@lsipied RALtY FERCaRIddNErdReat fhtend Qak ¥a&tor. X gl ] M
oA 1 e oG bR i fileBlgbated. ok irdeStads G 1
three vesks, using the same level of antigen in Freund’s
Incomplete Adjuvant. The final booster was given 4 days
§ prior to the fusion. The same leval of antigen was used and
adjuvant was replaced with saline.

5.4.2. DETECTION AND DETERMINATION OF ANTIBODY
Qualitative and quantitative determinations of

10 monoclonal antibody were performed using an enzyse linked
immunosorbent assay (ELISA). The ELISAS vare performed
using human fibrin immobilized onto a 96 well PVC plate
(Costar). The fibrin coated assay plates vere prepared by

- incubating 100 micrel of a fibrinogen solution (Kabi, grade

B 1) (so nicrograms/nl borate/saline buffer) overnight at 4°C.
Unbound fibrinogen was removed by washing with PBS
containing 0.05% Tween 80 (PBS-~Tween). The fibrinogen
coated onto each plastic vall was converted to fibrin by
incubation with 100 microliters of a thrombin solution (10

20 NIH units/ml) containing 2zMCaCl, for 1 hour at 37°C.
Standard calibration curves for the antibody wers
constructed using a preparation of antibedy which vas
homogsnsous by SDS~PAGE.

To praveant nonespecific binding, the fibrin coated

25 plates were incubated with a 1% solution of BSA in PBS .
pH7.4. Antidody containing solutions (100 microL) were then
added and incubated at 37-C for 90 minutes. After each step
in the procedurs the wells vere extensively washed with
PES~Tween. Bound antibody vas detected by the additicn of a

30 1000 fold diluticn of rabbit anti-mouse antibody conjugated
to alkaline phosphatase (Sigma) diluted in PBS, 1% BSA
pHE.O.

P
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| munobl otting anal ysis that the MHL anti body does not crossreact with the
Alerr], :B[err] or gama chains of fibrinogen. Also, it has been determ ned
by the sane nethod of analysis 30 that the MHL anti body does not
crossreact with thronmbin treated Alerr] or [err] chains of fibrinogen.
(Thrombin treatnent of fibrinogen reqébts in the rel ease of fibrinopeptide

A and fibrinopeptide B fromthe A€Yr] chain and [err] chain,
respectively, therefore formng the chain and {err] chain of fibrin.)

TABLE 7 5 ~Crossreactivity of MHL Antibody wi th Fibrinogen
Degradation Products Plasm n Digestion Tinme (mns)
405nm 33 mn $.4.3. PRODUCTION OF HYBRIDOMAS - FUSION

The nice wers sacrificed by co3 asphyxiation and a
splenectony perforaed immediately. The spleen cells fron
the immunized mice were fused with the fusagent polysthylene
glycol 4000 (3000-3700). The cells ware incubatad in RAT

5 selection media in T flasks for 1 veek. After this time the
Cells vere plated out into S X 96 wall plates from which 93
valls gshowed growth. Of thesa, 19 vells weras positive for .
the fibrin antigen. One of these clones, F492D8 (later
renaned MH1), produced antibody which recognizad the fibrin

10 antigen but did not crossreact with fibrinogen. This
particular clcne, MHl, was recloned three times by limiting
dilution with the tartiary cloning phase performed at 1 cell
per vell. Once the call line wag stabilized it vas weaned
cnto a serun-free medium the call line produces antidbody at

15 the level of approximately 7.5 mg/liter.

5.4.4. PURIFICATION OF MONQOCIONAL ANTIBODY
Before purification (4 Liter batches of) tissues
culture supernatants vere centrifuged to remove cellular
20 debris and filtered through a 0.8microM nylen membrane to
Temove any rasidual particulate material. The hybridoma
supernatant was concentrated at 4-C to a volume of 500mL
using a spiral wound ultrafiltration systexn cﬁployinq a ¥YM
type nezbrane (Azicon) with molecular welght cut of 30,000.
25 puffer exchange to 20mM 2{N-morpholine) ethane sulphonic
acid (MES), pR6 (Buffer A) was accemplished by diafiltration
according to the manufacturers instructicns. After further
concentration to a final volume of 100 ml, the antibedy
solution was filtered through a 0.451 micron nylon membrane
30 before further purification. The concentrated antibody
solution was purified by liquid chromatography on a Waters
HPLC chromategraph using a8 7.75am x l10cm ABX column (J.T.
Baker, Phillipsburg, NJ). The column was equilibrated with
buffer A and the sanple (100ml) was applied at a flow rate

]
]
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10 MHL
1. 02 40
0. 10

453 0 0. 15 1. 037
0.10 15 20 | 0.11
0.11 0. 410 60
0.330 240 0. 09 0. 300

20 TABLE 8 25 Crossreactivity of MHL Antibody with Fibrin Degradation -

Products Plasm n Digestion Tinme (hour

[err]405nnm 30 mn 30 35

10

25

of 1.0ml/min. After extensive vaghing with buffer A the
antibody was eluted from the column with a gradient frem
buZfer A to 100% buffer B (1M scdium acetatse pH7) at

1 wl/min. Fractions (2ml) wers collected and those
containing MAb (as determined by ELISA) ware pooled and
dislysed against phosphate buffer saline (PB3) (20mM sodium
phosphate, 130mM sodium chloride, pH7.4) and stored at -20°C
at concentrations > lmgsml. The ABx column was regenerated
by washing for S minutes with 100% buffer B, followed by
re-equilibration with 15 column voluxes of buffer A.

$.5. DETERMINATION OF FIBRIN SPECIFICITY

Initial deteraination of fibrin specificity wvas
achieved by screening hybridema supsrnatants separately on
fibrin and fibrinogen coated microtiter plates. Only those
cell lines producing antibedy that did not crossreact with
fibrinogen were accepted.

Further confirmation of fibrin specificity was
deterained utilizing a competition assay with fibrinogen in
soluticn, thersby confirming that the antibedy does not
recognize fibrinogen in selution.

Ih-'coaputition assay szployed to ascertain the
fibrin specificity of the antibody vas performed as
described for the ELISA assay hersinabove with preincubation
of the antibody with fibrinogen in solution. Briefly,
hybridous supernatant vas incubated at 37°C for 30 minutes
with solutions of fibrinogen at physiclogical concentratiens
(4mg/nl) containing BSA (10mg/ml) to prevent non spacific
binding of antibedy to fibrinogen. The fibrinegen/antibody

solution was then transferred to wells of a microtiter plate

which had bean ceated with fibrin. GlyProArgPre (GPRP) vas
added to the fibrinogen inhibitor to prevent pessible
polynerization of fibrinogen by residual thrembin in the
£ibrin wellg. The assay is then performed as a conventional
ELISA assay for antibody bound.to an immobilized antigen.




0 0. 890 1.40 3 0. 354
1.05 - 0. 310 0.77 In addition, as the
results in Table 7 indicate, B the control antibody, 453 antibody, binds to
fibrinogen and does not c=urosct with fibrinogen degradation products.
Accordi ngly, such a nonocl onal antiboegses a fibrinogen- specific

nonocl onal anti body and represents uaoer aspect of the subject invention.
The fbrinogen-specific nonoclonal 10 anti body can be utilized in any

| mrmunoassay that can be utilized to determ ne plasma fibrinogen |evels in

vitro. The 45J an{]j body has been furth characterized in that it has been
det er mi ned t h&P ?#e ‘J@Y?rgﬂﬂ‘ﬁbetq Lot g\ﬁ g&%?ﬁ‘ﬁ“#?‘ﬁ'ﬁ RSgERe i ¥ he
regi on from aantibedy mo escbrd 2 ibodyheBT was used as a control. 457

' crossyeacts with fibrin and fibrinogen.

5.5.1, DETERMINATION OP CROSSREACTIVITY WITH FIBRINOGEN
5 : 5.5.1.1. IMMOBILIZED FYBRIN AND FIBRINOGEN
' The cell line MH1 produces a smurine monoclonal

antibody which crossreacts vith €ibrin when it is
immobilized on the surface of a PVC microtiter assay plate
(table 5). In the same assay the antibody does not

10 recognize ribrincgen immobilized on the plats. As the data
on table S indicate, there is a dramatic increase in
immunereactivity once fibrinogen is convarted to fibrin by
thrembin, indicating clearly the exposure or formation of a
‘necepitope on the fibrin molecule. The control antibedy,

18§53, nowever clearly racognizes an epitope which is
conserved wvhen fidbrincgen is converted to f£ibrin.

5.5.1.2. COMBPETITION ASSAY WITE FIBRIN AND FIBRINOGEN
The £ibrin specificity of the antibody, M1
20 antibody, was further demonstrated in a cempetition assay in
wvhich hybridoma suparnatant was praincubated with a
tibrinogen solution (final concentration of 4 mg/ml) prior
to an ELISA on fibrin coated wells. Since siuch a high level
of fibrinogen was usad in.this competition assay (x500 that
25 of the antibody concentration) BSA (10 mg/ml final
concentration) vas added to the mixture. The peptide GPRP
was added to prevent fibrin polymerization by residual
throzdin on the fibrin coated wells. The results of this
assay indicate that the MH)1 antibedy does not recognize
30 ribrinogen in solutien (Table 6).
Asgsuning 400 ng. of fidrin binds to each well of
the nicrotiter assay plate, then the fibrinogen level used
in this particular competition amsay represents a 1,000 fold
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16 424 and nost likely in the region fromabout am no acid 207 to about

231. Far the purpose of the subject invention, a fibrinogen-specific

nonocl onal antibody is an antibody that in an assay to neasure
crdssreactivity with fibrinogen and fibrinogen degradation products, as
descri bed berei nabove, 20 the reactivity of the nonoclonal antibody wth
fibrinogen that has been digested witiW Y asnmin for about 40 minutes is |ess
t han about 504 of the reactivity of the nmonoclonal antibody with fibrinogen
at tinme tero. The 45J hybridoma was nade by conventional 25 techni ques
utilizing a conventional bal k/c nmouse wherein the =ouae was i muni zed with

fibrin. Boevergxcasitr ovegathe bdangapimein antigen. aIr h@ddgiogeit 5. 5. 3.

NONGROSS: | \EBSEF KRRRER 6400 fod didéad i SR Helindy AL A0,

ant i body tissue supernatant.

TABLE S

Crossreactivity of MH1 Antibody with
Pibrincgen and Pibrin Antigen

MAD Agosme’ 30 uin.
10 ‘ Fibrin Pibrinegen

MH1 .90 . <028

482 1.65 1.50
18

] TABLE 6
20

Crossreactivity of MH1 Antiboedy with Fibrin
in the Presence of Fibrinogen

MAb ' . A osme’30 2in.

25
+2ibrinogen =fibrinoqan

5 1.24 1.27

457 G.438 1.74
30

5.8.2. DETERMINATION OF CROSSREACTIVITY
WITH FIBRIN{OGEXN) DEGRADATION PRODUCTS
Fibrinogen degradation preducts (FDPS) wvers

prepared by incubating fibrincgen with plasnin at 37°C for

35 -time pericds ranging frem 10 minutes te 3 hours. At the
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HH1 orossreacts with not only crosslinked fibrin (XL~n) but al so
noncrosslinced fibrin (NONXLFn). The ELI SA was perforned as foll ows: 1.
96 well mcrotiter assay plates wee coated with | 00ul of a fibrinogen
sol’'ution (SQug/nL in borate (pH8.5) saline buffer) at 4[err]C overnight. 2.
Crosslinked fibrin was formed in the fibrinogen coated wells by incubation
for 1 hour at 37[err]Cwith a thronbi m4%=solution (10NIH units/m) in Tris
buffered saline (TBS, pH 7.4, 50mM Trim HCO , 150mM NaCl ), containing 2nv
CaCl[err] and | OnM cysteins. 3. Noncrosslinked fibrin was fornmed in the
fibrinogen coated wells by incubation for 1 hour at 37[err]Cwith 10 a

thrombin sol ui ofvddl  {leHe Bt Fddinb1iRi @ e WteBpRE by erle’ Hddition of
Trasylol (100 Kallikrein inhibitor units/ml) and 20 =M
epsilon anino caproic acid (EACA).

Crosslinked tibrin degradation products (XL¥DPs)
ware prepared by tha sddition of thrombin (4NIH units/mlL) to

§ a zidbrinogen salutiocn (5 mg/mL) in Tris buffered saline
(TBS, pH 7.4, 50 =X Tris HCl, 150 mM NaCl) containing 10 mM
Cacl,, plasminogen (0.25 mg/mL) and urckinase (50 IU/mL).
The mixture was incubated at 37°C and the plasmin digestion
terzinated at different time intervals as described herein-

10 above for the FDPs.

To detarnmine crossreactivity of the antibedy with
fibrin degradation preducts and fibrinogen degradation
products the appropriate degradation products were coated

‘onto microtitsr plates and ELISAs were parformed by

15 conventional methods. As the results in Table 7 indicate,
the MH1 antibedy does not crossreact with any plasmin
generated fibrinogen degradation products. As table 8
indicatas, the antibody does not react with XL~fibrin
degradation products. This observation alsc was made when

20 the antibody was tested for crossreactivity by Western
blotting analysis.

The cenclusion can be drawvn that the antibody
Tecognizes an epitope of the intact £ibrin molecule which is
not present or exposed on the surface of the precursor

25 molecule, fibrinogen. The epitope is apparently dectroyed
by plasuin digestion of crosslinked fibrin as the data in
table 8 suggest. '

Accordingly, the MH1 antibody is a fibrin-specific
moneclonal antibedy which can be defined as follows:

30 For the purpose of the subject invention a
fibrin-specific noncelonal antidody is a monoclonal antibody
that:




6.1) containing EDTA to a final concentration of 0.0125M 4. The bound

anti body was determ ned by incubation with an anti nouse al kal i ne
phosphat ase conjugate. Bound conjugate was determined by the addition of an
al kal i ne 15 phosphat ase substrate and the resultant colorinetric reaction
nonitored at 405nMin an automatic plate reader. The results of the assay
are shown in Table 9 and it can be conglgeded that the anti body
crossreactivity with crosslinked fibrin is greater than it is with

noncr osslinked 20 fibrin. The sinplest explanation being that the coval ent
crosslinking present in the croselinked polyneric structure serves to |ock
or freeze the conformati on which the antibody recogni zes. |n the

noncr ossl i nked+spdBi BsCORRALESGIOR, AE83L T BeARULS szeachivity With g o
stabilized by cov#ibrinZénd didcinogén/ us desgrided lNsreinadidee, than

demonst rat ed t hat e FhADUHE1568S e ans"thhin Mllduec 885 aftced and

noncr ossl i nked cl ot's,
- preferably less than about 108, crossreactivity with

gibrinogen when fibrinogen is utilized in a quantity of
5 a 1,000 fold excess as compared to 2ibrin,

2. in an assay to mesasure crossreactivity with crosslinkad
fibrin and fibrin degradation products, as described
hereinabove, the reactivity of the monoslonal antibody
vith the fibrin that has been dige=t<q with plasmin for

10 about three hours is less than about 50%, and preferably
less than gbout 408, of the resctivity of the monoclonal
antibedy with £ibrin at time zero, and ’

3. in an assay to measurs crossreactivity with fibrinagen

~ snd f£ibrinogan degradation products, as described

15 hereinabove, the reactivity of the monoclonal antibedy
with fibrincgen that has been digested with plasmin for
about four hours is no greater than the reactivity of
the monoclonal antibody vwith fibzinogen at time Zero.

The MH1 antibody has baen further characterized by

20 determining its affinity for fibrin. The affinity was

deternined by Scatchard analysis (Frankel et al., Mclecular

Inpunology, 16, 101-106(1979)) using 12SI-labelled MHI

antibody. The valus obtained for the disscciation constant

Ky vas 6.7 x 30739 M. guch atfinity is about 5,000 times

25 that of the afgfinity of t~PA for fibrin.

It has also been detarained by Western
Inmuncblotting analysis that the MH1 antibody does not
crossreact with the Aa, Bf or gamma chains of fibrinogen.
Also, it has besn detarmined by the same nmethod of analysis

B0 that the MH1 antibody does not crossreact with thrombin

treated Aax or Bp chains of fibrinogen. (Thrombin treatment
of fibrinogen results in the releass of fibrincpeptide A and
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formed in vitro. Crosslin ed fibrin was prepared by incubating a fibri.nogen
solutian (In Tris (50mMM pH7.4) 30 saline, containing CaCl[err](2mV) and
cysteine (100mM) with thronbin (10NIH units/m) for 3 hours at 37[err]C
Theé non- crosslined fibrin was formed by incubating a fibrinogen solution
(3mg/ mMl) in phosphate buffer (pH6.1) containing EDTA to a fi nal
concentration of 0.0125Mw th a throapgsr sol ution 35 (1ONIH units/nl)
for 3 hours at 37[err]C. After formation of the clots, they were washed and
i ncubated at 37[err]C with 400ul of a 1% BSA sol uti on cont ai ni ng
[err]lodine-laballed NH1 antibody. Small aliquots of solution vera renoved
at different tine points and the anount of antibody uptake was determ ned
by 5 counti n§ibinopenside B frop.the ds shedn and B chain,

respactively, therefore forming the o chain and 5§ chain of

- gibrin.)

TABLE 7

5 Crossreactivity of MH1 Antibody
wvith Fibrinogen Degradation Preducts

Plasain Digestion Time

(nins) Ai08 nm/33 min
10
MHL 453
c 0.15 1.037
10 0.10 nn
18 20 0.11 1.02
40 0.11 0.410
60 6.10 0.330
240 0.09 0.300
20 :
TABLE 8
25

Crossreactivity of MH1 Antibedy
with Fibrin Degridation Products

Plasnin Digestion Tize

(hours) . 2405 nn/30 min

M) 453




Table 1.0 shows the uptake of antibody by both the noncrosslinked and

crosslinked clots. -53- TABLE 9 Crosscreactivity of MHL Antibody with
Crossl inked and Noncrosslinked Fibrin 5 Antibody Crossl i nked
Noncr ossl i nked concentration Fibrin Fibrin (ng./m.)
(Absor bance at 405 nanoneters) 100.000 0.764
0. 409 50.000 0. 460 =50~ 0.319 10 25.000
0. 305 0. 154 12.500 0.174 0.074
6. 250 0. 069 0. 000

1) 0.89%0 1.40

3 0.354 1.0

S - 0.320 0.77

In addition, as the results in Table 7 indicate,
€ the control antibody, 457 antibody, binds to fibrinogen and
does not crossresct with fibrinogen degradation products.
Accordingly, such a menocleonal antibody is a 2ibrinogen-
spacific monoclenal antibody and rapressents another aspect of
the subject invention. The fibrinogean~specific zonoclonal

10 antibody can be utilized in any immunoassay that can be
utilized to determine plasma fibrinogen levels in vitroe. The
457 antibody has been further characterized in that it has
been determined that the 457 epitops is on the Aa chain of
fibrinegen in the regicn from about amine scid 206 to about

% 424 and most likely in the region from ebout amine acid 207
to about 231. For the purpose of the subject invention, a
fibrinocgen-specific monoclonal antibody is an antibody that
in an asgay tec meagure crossreactivity with fibrinegen and
fibrinogen degradation products, as described hereinabove,

20 the reactivity of the monocclenal antibedy with fibrinogen
that has been digested with plasmin for about 40 minutes is
less than about 508 of the reactivity of the moncclonal
antibody with gibrinogen st time zero.

| The 457 hybridema was made by conventional

25 techniques utilizing a cenventional Balb/c mouse wherein the
mouse was immunized with 2ibrin. However, fibrinogen also
can be utilized as the antigen.

$.5.3. DETERMINATION OF CROSS REACTIVITY
WITH SONCHQBSLIHRED FIBRIN AND
3 NONCROSSLINKED FIBRIN CLOTS
It has been dexoristrated by ELISA that the antidedy
MH1l crossreacts with not only crosslinked fidbrin (XLFn) but

alsc noncrosslinked fibrin (NONXLFn). The ELISA wag
perforoed as follows:

H
o




15

wi'th Cresslinked and Noncrosslinked Fibrin dots Fibrin clot
of Labelled Antibody After 8 Hours 20 Crossslinked
76% 25 5.6. DEPCSI T OF HYBRI DOVA MH ang 45J were deposited in the American

TABLE- 10 Crossreactivity at MHL Anti body

Type Culture Collection (ATCC) on June U, 1988 and gi ven accessi on nunber

HB 9739 and HB 9740,

Drive, Rockville, MD. 20852. MH1 antibody is an Igerr] antibody with a
kappa light chain and it has been observed that the MHL anti body

crossreacts with not only hasraelili Ricrotiteraasgayaphites’ Welencoated

10

15

with 100ul of a fibrinogen solution (SQug/mL in borate
(pF8.5) saline buffer) at 4°C overnight.

2. Crosgslinked fibrin was formed in the fibrinogen
coated vells by incubation for 1 hour at 37°¢ with a thrombin
sclution (10NIH units/ml) in Tris buffered saline (TBS, pX
7.4, SOmM Tris HCY, 1SomM NaCl), containing 2zM caclz and
10nM cysteins.

3. Nencrosslinked fibrin wvas formed in the
tibrinogen coated wells by incubstion for 1 hour at 37°C with
8 thrombin solutien (10 KIH units/ml) in phosphats buffer (pH
6.1) containing EDTA to & final concentration of 0.0123M.

4. The bound antibody wvas detarazined by incubation

‘with an antimouse alkaline phosphatase conjugate. Bound

cenjugate was determined by the addition of an alkaline
phosphatase substrate and ths resultant colorimetric reaction
menitored at 405nM in an autematic plate reader.

The results of the assay are shown in Table ¢ and
it can be concluded that the antibody crassrcactivity with
crosglinked £ibrin is greater than it is with noncrosslinked

"£ibrin. The simplest explanation being that the covalent

crosslinking present in the creosslinked polymeric: structure
serves to lock or freeze the conformation which the antibedy
recognizes. In the noncrosslinked species the conformation,
although it is formed, it is not stabilized by covalent
bonding of the polymer.

It has also been demconstrated that the antihody'
crossreacts with beth crosslinked and noncrosslinked clots,
formed in vitro. Crosslinked £ibrin was prepared by
incubating a fibrinogen solution (In Tris (50mM, pH7.4)
saline, containing CaC12 (2zM) and cysteine (10oM)) with
thrombin (10NIH units/ml) for 3 hours at 37°C. The non-
crosslined £idbrin was formed by incubating a fibrinogen
solutien (3mg/ml) in phosphate buffer (pH6.1) containing EDTA
to a final concentration of 0.0125¥ with & thrembin solution

_ % Upt ake
79% Noncr ossl i nked

respectively. The ATCC is 30 | ocated at 12301 Parkl awn
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The subject invention is not intended to be limted in scope to the

hybri damas deposited but they are intended as a single illustration of
hybri domas that produced a fibrin- specific nonoclonal antibody and a
fibrinogen-specific nonoclonal antibody, as defined herein. Any cell line

that 5 is functionally equivalent is wthin the scope of the subject
invention..By the term"functionally=88tivalent" it is meant that an

anti body is capable of conpeting with the M| antibody or 45J anti body in
binding to the epitope of fibrin to which the MH antibody binds or to the
epitope of 10 fibrinogen to which the 453 anti body binds, respectively. In

addi tion, suglhy, I Seld B k- speght{4 - ND rﬁ'ﬁ.lii odi nd
fibrinogen- sgggm Luﬂn%@ééﬁgng# g}h%gggi g%,iys\c'de I %ggnﬁéerel n?p‘t ﬁg?ﬁﬁand to
an epitope dFfPESeRheY yere vashad Gﬁ‘d& CyRRtas, t, 3A)C il 4Aqult o€ 5]
anti body bi nds, BsA selution containing Iodine~labelled MHX1 antibody.

Small aliquats of solution wveare removad at different time

points and the amcunt of antibody uptake vas dstermined by

5 counting the plasma in a gamma counter.
Table 10 shows the uptake of antibody by both the
noncrosslinked and crosslinked clots.

G
1

3
|
f
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15 respectively. 5.7. IN VIVO DI AGNOCSTI C AND THERAPEUTI C USERS FOR

FI BRI N- SPECI FI C MONOCLONAL ANTI BODI ES 5. 7. 1. CLOT/ VASCULAR DI SEASES

LOCALI 2ATI ON 20*The fi brin-specific nonocl onal antibodies of this invention
are capable of targeting fibrin clots or aggregation of fibrin in vivo.
They can, therefore, be used in humans586r | ocalization of possible tissue
or vascul ar damage and for nonitoring of vascul ar diseases. A fibrin-

speci fic nmonocl onal antibody is particularly preferred for this use
because, such nonoclonal antibody will not bind to fibrinogen,, fibrin
degradati on products and fibrinogen degradati on products, thereby reducing
background, which permts one to nore precisely localize the fibrin clot or
aggregation of fibrin. For this applic%ﬁﬂﬁﬁ#&it is preferable to use

purified nonocl onaireasrabetivizy Brefmi Anviboly’ ¢ty Vrcialinked and
Noncrosslinked Fibrin

5 antibody Crosslinked  Nencrosslinked
Concentration Pibrin Fihrin
(ng./nl.) (Absorbanca at 405 nancmeters)
100.000 0.764 0.409%9

$0.000 0.460 0.319

10 25.000 0.305 0.154

12.500 0.174 0.074
6.250 0.0869 ' 0.000
15 TABLE 10

Crossreactivity of MH1 Antibody with Crosslinked
and Noncrosslinked Fibrin Cleots

Fibrin Clot 3 Uptake of Labelled Antibody After 8 Hours
20

Crosslinked 79¢%

Noncressl inked 76%

5.6. DEPOSIT OF HYBRIDOMA
MH1 and 45J vere depositsad in the American Type

Culture Collsction (ATCC) on June 9, 1988 and given accession
nuzber HB 9739 and HB 9740, respectively. Ths ATCC is

30 located at 12301 Parklawn Drive, Rockville, MD. 20852. MEl
antibody is an IgG, antibody with a kappa light chain and it
has beaen observed that the MH1 antibody crossreacts with not
enly human fibrin but also rabbit fibrin.

-....-_....__
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be acconplished by HPI C methods Purification of nonocl onal antibodies

human adm ni stration nay al so be acconpli shed

or .sodium sul fate precipitation foll owed by dialysis against saline and
filtration sterilization. Alternatively, imunoaffinity chromatography

techni ques may be used to purify the npgpglonal anti bodi es. The purified
nonocl onal anti bodi es can be | abelled 5 with radi oactive conpounds, for
exanple [err]l,[err]l,[err]l, [err]mlic, [err] In, and adm nistered to a
patient intravenously. The anti body al so can be | abelled with a nagnetic
probe. NVMR can then be utilized to pinpoint the clot. After localizatio
the antibodi es at the cCThe subject iimvedtionrisyactoltntendsd £0 be Linitad

em ssion tomgiARIAA to the hybridemas deposited but they are intended as

10

18

20

a single illustration of hybridomas that produced a fibrin-
specific monoclonal antibody and a fibrinogen-specitic
zonoclonal antibody, as defined herein. Any cell line that
is functionally sguivalent is within the scops of the subject
invention. By the tera "functionally equivalent” it is meant
that an antibody is capable of competing with the MH1
antibedy or 453 antibody in binding to the epitopa of fibrin’
to vhich the MH1 antibody binds or to the epitopas of
fibrinogen te which the 437 antidedy binds, respectively. In
addition, such term includes fibrinespecific monoclonal
antibedies and fibrincgen-spacific monoclonal antibedies, as
dafined herein, that bind to an epitope differsnt from that
which the MH1 antibody binds and the 45J antibody binde,
respectively.

5.7. 1IN VIVO DIAGNOSTIC AND THERAPEUTIC USES
FOR FIBRIN-SPECIFIC MOROCLONAL ANTIBODIES

5.7.1. CIOT/VASCULAR DISEASE LOCALYIZATION

The £ibrinespecific moneclonal antibodies of this
invention ars capable of targating fibrin clots or
aggregation of fibrin in vive. They can, therefore, be used
in humans for localization of pessible tissue or vascular
damage and for monitoring of vascular diseases. A fibrine
specific monoclonal antibody is particularly preferred for
this use because such monoclonal antibedy will not bind to
fibrinogan, £idbrin degradation prcducts and fibrinogen
degradation products, thereby reducing background, which
permits ons te nmore precisely localize the fibrin clot or
aggragation of fibrin.

For this application, it is preferable to use
purified monoclonal antibodies. Preferably, purificatiocn may
be accomplished by EPLC methods., Purification of wmonoclonal
antibodies for human administration may alsc be accemplished
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and radi onucl ear scanni ng techni ques thereby pinpointing the |ocation of,
for exanple, the thronbus or fibrin encapsulated tunor. By way of
illustration, the purified nonoclonal 15 antibody is suspended in an
appropriate carrier, e.g., saline, with or without human al bum n, at an
appropriate dosage and is adm ni stered tg a patient. The noncl onal

anti bodies are preferably admi ni st er ed™? travenously, e.g., by continuous
i ntravenous infusion over several hours. 20 5.7.2. TOFMp OF VASCULAR

DI SEASES W TH MONOCLONAL ANTI BODY CONJUGATES The nonocl onal anti bodi es of
this invention can be used in conjunction with a broad range of

pharmaceut i cal pgSamisHin SUEEate o 600U CoUXRIA pEe S datiRRD oY dved
e S ph AL e b e e FLeiliieSs. ot
Alternatively, izmmuncaffinity chromatography technigues may
be used to purify the monocclonal antibodies.
The purified monoclonal antibodies can be labellad
5 with radicactive compounds, for example 123 I, 125 I, i3 I,
99nmc, 1 In, and administerad to a patient intravenously.
The antibody also can be labeslled with a pagnetic probe. NMR
can then be utilized to pinpeoint the clot. After
localization of the antibodies at the clot or fibrin
10 aggregaticn they can be detected by emissien tomegraphical
and radionuclear scanning techniques thereby pinpointing the
location of, for example, the thrombus or fibrin encapsulated
~ tumor. )
By way of illustration, the purified moncclonal
15 antibody is suspanded in an appropriate carrier, e.g.,
saline, with or without human albumin, at an appropriate
dosage and is administered to a patient. The monclonal
antibedies are preferably administered intravenously, e.g.,
by continuous intravenous infusion over several hours.

$.7.2. TREATMENT OF VASCULAR DISEASES
WITH MOROCLONAL ANTIBODY CONJUGATES
The menoclenal antibodies of this invention can be
uged in conjunction with a broad range of pharmaceutical
- 25 agents such as cytotoxic reagents and thrombolytic reagents,
e.g. t-PA, urckinase streptokinase, and other proteases that
are capable of lysing gfibrin. Such use is particularly
preferred because the fibrinespecific mencclonal antibodies
of the subject invention permit a vary efficient use of such
30 reagents because none of the reagent will be lost by binding
te tibrinogen, fibrin degradation products or fibrinogen
degradation products. For various reviews on the subject,
see Bale et al., 1980, Cancer Research, 40:2565-297; Ghose
and Blaiy, 1878, J.Natl. Cancer Inst., 61(3):657-676:;




preferred because the fibrin-specific nonoclonal antibodies of the subject
I nventi-on permt a very efficient use of such 30 reagents because none of
the reagent will be lost by binding to fibrinogen, fibrin degradation
products or fibrinogen degradation products. For various reviews on .the
subj ect, see Bale et al., 1980, Cancer Research, 40:2965-297; Chose and
Blair, 1978, J.Natl. Cancer Inst., 61¢88*=657-676: 35 -56- Gregori adi s,
1977, Nature, 265:407-411; G agoriadis, 1980 Pharmac. Ther., 10:103-108;
and Troust et al., 1980, Recent Results Cancer Res., 75:229-235. The

met hods used for binding these agents to the nonocl onal anti body nol ecul e

can involve eLt ol Y s 0N899 Nature, 265:407-411; Gragoriadis, 1980

Pharmac. Ther., 10:103-108; and Trouet et al., 1980, Recent
Results Cancer Res., 75:229-235.
The mathods used for binding these agents to the
monoclonal antibody molecule can involve either non-covalent
§ or covalent linkages. Since non-covalent bonds are mors
likely to be broken before the antibody complex reaches the
target site, covalent linkages ars preferred. For instance,
& carbodiimide bond can be formed between the carboxy groups
~? ths pharmaceutical agent and the anino groups of the
10 antibody molecule. Bifunctional agents such as dialdehydas
or imidoesters can bs used to link the amino group ef a drug
to amino groups Of the antibody molecule. The Schiff base
- reaction can be used to link drugs to antibody molecules.
This method involves the periodate oxidation of a drug or
15 cytotoxic agent that contains a ¢lycol or hydroxy group, thus
forning an aldehyde which is then reacted with the antibedy
molecule. Attachment cccurs via formation of a Schiff bage
with amino groups of the antibody melecule. Additiscnally,
drugs with reactive sulfhydryl groups have been coupled to
20 antibody molacules.

[ et i ermtaing 0 . e
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or coval ent |inkages. Since non-coval ent bonds are nore likely to be broken
before.the anti body conpl ex reaches the target Bite. coval ent |inkages are
preferred. For instance, a carbodil m de bond can be forned between the
carboxy groups the pharnaceuti cal agegg and the azino groups of the 10

anti body nol ecul e. Bifunctional agents guch as di al dehydes or i m doesters
can be used to link the am no group of a drug to am no groups of the

anti body nol ecule. The Schiff base reaction can be used to link drugs to
anti body nol ecul es. This neUod involves thu periodats oxidation of a drug

or 15 cVYtotoxic agent that contains a glycol®ewsestdepaeer Hv?S8p t hus forning

an al dehyde which 5 TNET TTACTEU W | ligieRBOROANIGME 10T ccur €. Attacnmgnt
occurs via foratidn of a Schiff base with am no groups or the antibody nol e
le. Additionally, |dPHs T S LIyt it N o t—grofs-=ay e~ Beetr cour| ed
to 20 anti bgdy M| et UTEre ey’ sorenr
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-57- [err] Anmerican type Culture Collection 12301 Parklawn Drive Rockvil.lg
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1 Deposited on June 9, 1988 Accession Nymber np 9740




12301 Parklawn Drive Rockville MD 20552 USA 5 Deposited on June 9

1988 o Accessi on Nunber
production of a nonocl onal

i mTuni zing an antigen-free animal with ss8< anti gen to perm-t—
anti body-producing cells to produce antibodies to said anti
| east a portion of said antibody- producing

(c) formng a hybridoma by fusing o
anti body- producing cells with an immortalizing cell mhereln

r enovi ng at

antigen-free ani mal,

10

18

20

25

w; claim:

HB 9740 59 CLAI MS 1. A net hod for the
anti body to an antigen conprising: (a)

1. A methed for thes production of a moneclonal

antibody to an
(a)

(b)

(¢)

(d)
(o)

antigen comprising:

immunizing a gernfree animal with said antigen
to permit antidbedy-producing cells te produce
antibodies to said antigen,

removing at least a portion of said
antidedy~producing cells froz said germfree
animal,

forning a hybridema by fusing cone of said
antibody-producing cells with an immortalizing
cell vherein said hybridoma is capable of
producing a monoclenal antibody to said
antigen,

propagating said hybridema, and

harvesting the monoclonal antibodies produced
by said hybridoma.

2. The nmethed of clainm 1 wherein said germfraee
animal is an antigen-free animal.

3. The method of claim 2 wherein said antigen-free
anizal is selected from the group consisting of a mouse, rat,
pig, guinea pig, poultry, a goat, 2 sheap, pridate and a

rabbit.

4. The mathed of claim 3 vherein sgaid antigen-free
animal is a mouse.

5. The methcd of claim 4 vherein said mouss is a

Balb/C mousas.
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sai d hybridoma is capable of producing a nonoclonal antibody to said

antigen? (d) propagating said hybridoma, and (e) harvesting the nonocl onal
ant j,bodi es produced by said hybridoma. 2. The nmethod of claim1 wherein
said antigen-free animal is selected fromthe group consisting of a nouse,

rat, pig, guinea pig, poultry, a goat, a sheep, prim gl mlHIHS
The nmethod of claim2 wherein said anti g®@=free ani matm“m IME The
met hod of claim 3, wherein said nouse is a Bal b/ C nouse. 5. & nmét hod
for inmmunoassay to deternine the

6. In an immuncassay to determine the presence of
an antigen comprising centacting said antigen with an
antibody, the improvement comprising employing for said
antidody an antibedy derived from a germfrsee animal,

5 7. The izmuncassay of claim 6 vherein said
antibody is a monoclenal antibedy.

8. The immuncassay of claim 6 vhersin said
antibody is a polyclonal antibody in aerum.
10
8. 7The method of clainm 7 or 8 vherein said
gernfres animal is an antigen-free animal.

10. The nmethod of claim 9 vhersin said antigen-
15 free animal is selected from the group consisting ef a mouse,

Tat, pig, guinea plg, peultry, goat, sheep, prizmate and
rabbit.

11. The methed of claim 10 whersin said antigen-
20 free animal is a mouse. '

12. The uaéhqd of clain 11 vherein said mouse is a
Bald/C mouse. )

5 13. In a method for localizing an antigen in vive
ceuprising administering a monoclonal antibody with a
suitable carrier to a human and detecting localization of
said monoclonal antibody, the improvement comprising
exploying for said moncclonal antibody a monoclonal antibody

N derived from a germfree animal.

14, The method of claim 13 vharein said gernfree
animal is an antigen-frse animal.
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60 presence of an antigen conprising contacting said antigen with an
anti body, the inprovenent conprising enploying for said anti body an
antibody derived froman antigen-free animl. 6. The—rethod—fer——m—

i nfiunoassay of claim5 wherein said antibody is a nonp
The met hod for immunoassay of claim5 whgnein said a ﬂmﬁmﬂ“ﬂrwﬂﬁmcl onal
anti body in serum 8. The nmethod of claim6 or 7 wheretn samd
antigen-free aninmal is selected fromthe group consisting of a nDuse rat,
pi g, guinea pig, poultry, goat, sheep, prinmate and rabbit. 9. The nethod

of claim8 wherein said antigen-free animal is a nouse. 10. The nethod of
claim9 wherein said nDuse i Thé MNolCotothein 13. whipesdf saidonocl onal

ant i body der i ved {4 g0 Qe BhEHEY{ §R10BLER" £och LHE SR Wb Bhg s

conposition fo
' a mouse, rat, pig, guinea pig, poultry, goat, sheep, primate

and a rabbit.

S 16. The methed of claiu 15 wherein said
antigen-free animal is a mouse.

17, The method of claim 16 vherein said mcuse is a

Balb/C mouse.
10 ’

18. In a method for utilizing n_aunoclonai
antibody therapeutically comprising adainistering to a human
in need of therapy said monoclonal antibody, the improvement
comprising employing for said monoclonal antikody a

1 monoclonal antibody derived from 3 germfree animal.

19, The nmethod of claiz 17 wherein said gernmfree
animal is an antigen-free animal.

20 20. The pethod of claim 19 wherein said antigen-
free aninal is aslected from the group consigting of a mouse,

rat, pig, guinea pig, peultry, goat, sheep, primate and
zabbit.

25 - 21. 'The methed of claim 20 wherein said antigen-
free animal is a mouse.

22. The method of claim 21 vherein said mouse is a
Balb/C mouse.

30
23. A fibrin-specific monoclonal antibedy.
24, The monoclonal antibody of claim 23 preduced
by the fusion of an immortalizing cell and a cell capable of
35

producing a fibrin-specific antibody. :
: AEPLAG ﬂMF‘T oﬂEFT
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localizing an antigen in vivo. 12. The use of claim1l wherein said
antigensfree animal is selected fromthe group consisting of a nouse, rat,
pi g, guinea pig, poultry, goat, sheep, primate and a r abbit—%+3-—Theuse_af

claim 12 wherein said antigen-free animal is a nouse. !ﬂﬂﬂ of
claim 13 wherein said nouse is a Balb/C npgse. 15, Use "m@ ”Fgﬁ"
anti body derived froman antigen-free animal in the manufacture

medi cation for treating a subject in need of therapy. 16. The use of clalm

15 wherein said antigen-free animal is selected fromthe group consisting

of a nopuse, rat, pig,
PIg 25. The monoclonal antibody of claim 24 wherein

said cell capable of producing a fibrin-specific antibedy is
obtained from an antigen-free animal.

26. The monoclonal antibody of claim 25 wherein
5 said antigen-free animal is a mouse.

e7. The monoclonal antibody of claim 26 wherein
said antigen-£free nouse is a Balb/c mouse.

10 28. The monoclonal antibody of claim 24 whezein
said immortalizing cell is a myelcma cell.

‘ 29. The menoclonal antibody of claim 24 wherein
said myeloma cells is a mouse myeloma cell.
1] .o
30. The monoclonal antibody of claim 23 wherein
said monoclonal antibody is a monoclonal antibody having the
identifying characteristics of the monoclonal antibody
produced by the hybridoma ATCC HB 9739.

31. A continuous cell line which produces a
fibrin-specific monoclonal antiboedy comprising a hybridoma
formed by fusing a cell capable of producing a
fibrin-specific antibody with an immortalizing cell.

"32. Hybridoma cell line ATCC HB 9739.

33. The aonoclonal antibody of claim 23
conjugated to an imaging agent or a therapeutic agent.

4. In a method for localizing a fibrin clot or
aggregation of fibrin in vivo comprising administering a
monaclonal antibody with a suitable carrier and detecting
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gui nea pig, poultry, goat, sheep, primate and rabbit. 17. The use of claim
16 wherein said antigen-free aninmal is a nouse. 18. The use of claim17

wherein said nmouse is a Bal b/C nouse. 19. A fibrin-specific nonoclonal

anti body whi ch does not have crossreactiyity to fibrinogen

degradati on products. 20. The nonocl oh :3 anti body of cI ai %OEHIBI“““HHHIH)L"I
the fusion of an immortalizing cell and a cell capable

fibrin-specific antibody. 21. The nonocl onal antlbody of cIa|n120 wherein
said cell capable of producing a fibrin-specific antibody is obtained from

an_antigen-fr ahealotBlizgCion BEe sADE MdrittiondDt awObody!, ¢hai m 21 wherein

sai d antigen- fié?ia@@hﬂﬁL ééﬁﬁiﬂggﬂa employing for said monoclonal
antibody a fibrin-gpecific monocclonal antibody.

35. In a wethod for ut{lirzing a monocleonal
E antibody in conjunctien with a thrombolytic reagent for the
treatment of thrombosis comprising administering to a human
in need of said treatment a monoclenal antibody in
conjunction with a throabolytic agent, the improvement

comprising employing for said monoclonal antibody a fibrin-
10 gpecific monoclonal antibody,

36. In a method for utilizing a moncclonal
antibody in conjunctisn with a cytotoxic reagent for the
treatment of a fibrin encapsulated tumor comprising

15 administering to a human in need of said treatment a
monoclonal antibody in conjunction with a cytotoxic resgent,
the improvement comprising employing for said monoclonal
antibedy a £ibrin-specific monoclonal antibody.

20 37. The method of claim 34, 35 or 36 wherein said
fibrin-specific monoclonal antibody is the moncclonal
antibedy of claim 30.

38. A £1b;tnogen-lpeci£ic monoclonal antibedy.

25 [}

39. The monoclonal antibody of cliam 38 produced
by the fusion of an immortalizing cell and a cell capable of
producing a fibrinogsn-specific antibody.

30 40. The monoclonal antibody of claim 38 wherein
said immortalizing cell is a myeloma cell.

41. The monoclonal antibody of claim 40 wherein

. said myeloma cell is a mouse myeloma cell.
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62 23. The nonocl onal antibody of claim 22 wherein said antigen-free nouse
is a Batb/C nouse. 24. The nonocl onal antibody of claim 20 wherein said

i mortral i zing cell is a myeloma cell. 25. The nonocl onal anti body of clains
20 wherein said nyeloma cells is a nouse nyeloma cell: 26. The nonocl onal
anti body of claim19 wherein said nonocl"#4a -antibody is a nonocl onal

anti body having the identifying characteristics of the nonoclonal antibody
produced by the hybridoma ATCC HB 9739. 27. continuous cell |Line which
produces a fibrin- specifdec H&‘P’!ﬁé‘l"“&.t% oﬁ’gr Flaip # dBna
formed by fusi ngid ssidclomalbantibody dduai agaaclanal antibody inaving bhey

with an | mort ghizligy el lcnaict UL AATRECERL ddrdREE i A

produced by the hybridoma ATCC HB 9740.

43. A continucus cell line which produces a
£4idrinogen-specific monoclonal antibody comprising a
5 hybridoma formed by fusing a cell capable of producing a
fidbrinogen-specific antibody with an immortalizing cell.

44. Hybridoma cell line ATCC HB $740.

10 45. In an immunoassay for the determination of
plasma f£idbrinogen laevels in vitro comprising contacting said
plasma fibrinogen with a monoclonal antibody, the
improvement comprising employing for said soncclonal
antibody a fibrincgen-specific monoclensl antibody.

1

46. The method of claim 45 wherein said
fibrinogen-specific wonoclonal antibody is s menoclonal
antibody having the identifying characteristics of the
monoclonal antibody produced by the hybridoma ATCC HB 9740.
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29. The nonocl onal antibody of claim 19 conjugated to an inmagi ng agent or
a therapeutic agent. 30. Use of a nonoclonal antibody derived from an
antpgen-free aninmal in the manufacture of a conposition for localizing a
fibrin clot or aggregation of fibrin in vivo. 31. Use of a nonocl onal

anti body derived froman antigen-free animal in the manufacture of a

nonocl onal anti body 63 in conjunction with a thronbolytic reagent for
the treatment of thrombosis. 32. Use o} d nonocl onal anti body derived from
an antigen-free animal in the manufacture of a nonoclonal antibody in
conjunction with a cytotoxic reagent for the treatnent of a fibrin

encapsul ated tunor. ABSTRACT

METHOD FOR THE PRODUCTION OF MONOCLONAL
ANTIBODIES UTILIZING A GERMFREE ANIMAL

The subject invention relates to a method for the
production of monoclonal anti'bodies. The method utilizes an
immunized germfree animal. The invention also provides a method
for the use of such monoclonal antibodies, and polyclonal
antibodies derived from an immunized germfree animal, for in
vitro and in vivo clinical diagnostics and therapeutics. Also,
the subject invention provides a fibrin-specific wmonoclonal
antibody.

CRAENT SHEET

oA
SELAL

10 JAN.997

A




. !;;; P WP istn
33., The use of claim30, 31 or 32 wherein said fibrin- specific{ﬁﬁﬁﬁcF%héT!
anti body is the nonocl onal antibody of claim26. 34. A fibrinogen-specific
nonoel onal anti body having the identifying characteristics of the
nonocl onal anti body produced by the hybridoma ATCC HB 9740. 35. Hybridona
cell Iine ATCC HB 9740. 36. In a nethod for i munoassay for the
determ nation of plasma fibrinogen levels in vitro conprising contacting
said plasma fibrinogen with a nonocl onal anti body, the inprovenent
conprising enploying for said nonocl onal antibody a_fibrinogen- specific
nonocl onal antibod?gcﬁ fomupizing ag7antigpn-fzes ARigelcrimess dwaRt SR said

fibrinogen- Spegskintt ERHIQBbEPArcalti BgWLILS 8o BHAULENR: AYLBEUN havi ng
the identifying characteristics of the nonoclonal antibody produced by the
hybri doma ATE24dB29Yigen.

(b) removing at least a portion of zaid antibody-
producing cells from said antigen-free animal,

{c) forming a hybridoma by fusing one of sgaid antibody-
producing cells with an immortalizing cell wherein said
hybridoma is capable of producing a monoclonal antibody to said
antigen,

(d) propagating said hybridoma, and

(e) harvesting the monoclonal antibodies produced by

said hybridoma.
" The subject invention also provides methods for utilizing
a monoclonal antibody or a polyclonal antibody derived from an
antigen-free animal. The subject invention also providesz a
fibrin-specific monoclonal antibody and methods for utilizing
such a monoclonal antibody.

4. DETAILED DESCRIPTION OF THE INVENTION

4.1. THE GERMFREE ANIMAL

The subject invention relates to the use of a germfree

animal for the production of monocclonal antibodies. Germfree
igj animals were first developed in the latter part of the 19th
century and have been utilized extensively since such time.

A germfree animal is a gnotobiote that is free from all
demonstrable associated forms of 1life, including bacteria,
viruses, fungil, protozoa, and other saprophytic or parasitic
forms. A gnotobiote is an animal or strain derived by aseptic
cesarean section or sterile hatching of eggs that is reared and
continuously maintained with germfree techniques under isolator
conditions and in which the composition of any associated fauna
and flora, if present, is fully defined by accepted current methodology.
(It should be noted that all mice carry a latent leukemogenic virus and,
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64 38.. A nethod for production of polyclonal antibodies to an antigen
conprising inmmnizing an antigen-free animal with said antigen to permt
anti body producing cells to produce antibodies to said antigen and
separating serum which contains said polyclonal antibodies, fromsaid
animal . 39. The nethod of claim 38 wherein said antigen-free aninal is

sel ected fromthe group consisting of a nouse, rat, pig, guinea pig,
poultry, a goat, a sheep, prinmate and a rabbit. 40. The method of claim 39
wherein said antigen-free animal is a nouse. 41. The method of claim 40
wherein said antigen-free animal is a Bal b/ C nouse.

CLAIMS

1. A method for the production of a monoclonal antibody

to an antigen comprising:

(a) immunizing an antigen-free animal with said antigen
to permit antibody-producing cells to produce
antibodies to said antigen,

{(b) removing at least a portion of said antibody-

producing cells from said antigen-free animal,

(c) forming a hybridoma by fusing one of said antibody-
producing cells with an immortalizing cell wherein
said hybridoma is capable of producing a monoclonal
antibody to said antigen,

(d) propagating said hybridoma, and

(e) harvesting the monoclonal antibodies produced by
said hybridoma.

2. The method of claim 1 wherein said antigen-free
animal is selected from the group consisting of a mouse, rat,
pig, guinea pig, poultry, a goat, a sheep, primate and a

= rabbit.

3. The method of claim 2 wherein said antigen-free

animal is a mouse.

4. The method of claim 3, wherein said mouse is a

Balb/C mouse.

5. In a method for immunocassay to determine the
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presence of an antigen comprising contacting said antigen with
an antibody, the improvement comprising employing for said

antibody an antibody derived from an antigen-free animal.

6. The method for immunocassay of claim 5 wherein said

antibody is a monoclonal antibody.

7. The method for immunoassay of claim 5 wherein said

antibody is a polyclonal antibody in serum.

8. The method of claim 6 or 7 wherein said antigen-free
animal is selected from the group consisting of a mouse, rat,

pig, guinea pig, poultry, goat, sheep, primate and rabbit.

9. The method of claim 8 wherein said antigen-free

animal is a mouse.

10. The method of claim 9 wherein said mouse is a Balb/C

mouse.

11. Use of a monoclonal antibody derived from an
antigen-free animal in the manufacture of a composition for

localizing an antigen in vivo.

12. The use of claim 11 wherein gaid antigen-£free animal
is selected from the group consisting of a mouse, rat, pig,

guinea pig, poultry, goat, sheep, primate and a rabbit.

13. The use of claim 12 wherein said antigen-free animal

is a mouse.
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14. The use of claim 13 wherein said mouse is a Balb/C

mouse.

15. Use of a monoclonal antibody derived from an
antigen-£free animal in the manufacture of a medication for

treating a subject in need of therapy.

16. The use of claim 15 wherein said antigen-free animal
is selected from the group consisting of a mouse, rat, pig,

guinea pig, poultry, goat, sheep, primate and rabbit.

17. The use of claim 16 wherein said antigen-free animal

ig a mouse.

18. The use of claim 17 wherein said mouse is a Balb/C

mousge.

19. A fibrin-specific monoclonal antibody which does not

have crossreactivity to fibrinogen or its degradation products.

20. The monoclonal antibody of claim 19 produced by the
fusion of an immortalizing cell and a cell capable of producing

a fibrin-specific antibody.

21. The monoclenal antibody of claim 20 wherein said
cell capable of producing a fibrin-specific antibody is

obtained from an antigen-free animal.

22. The monoclonal antibody of claim 21 wherein said

antigen-free animal is a mouse.
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23, The monoclonal antibody of claim 22 wherein said

antigen-free mouse is a Balb/C mouse.

24. The monoclonal antibody of claim 20 wherein said

immortalizing cell is a myeloma cell.

25. The monoclonal antibody of claims 20 wherein said
myeloma cells is a mouse myeloma cell.

26. The monoclonal antibody of claim 19 wherein said
monoclonal antibody is a monoclonal antibody having the
identifying characteristics of the monoclonal antibody produced

by the hybridoma ATCC HB 9738S.

27. A continuous cell line which produces a fibrin-
specific monoclonal antibody comprising a hybridoma formed by
fuging a cell capable of producing a fibrin-specific antibody

with an immortalizing cell.

28. Hybridoma cell line ATCC HB 9739.

29. The monoclonal antibody of claim 19 conjugated to an

imaging agent or a therapeutic agent.

30. Use of a monoclonal antibody derived from an
antigen-free animal in the manufacture of a composition for

localizing a fibrin clot or aggregation of fibrin in wivo.

31. Use of a monoclonal antibody derived £rom an

antigen-free animal in the manufacture of a monoclonal antibody
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in conjunction with a thrombolytic reagent for the treatment of

thrombosis.

32. Use of a monoclonal antibody derived from an
antigen-free animal in the manufacture of a monoclonal antibody
in conjunction with a cytotoxic reagent for the treatment of a

fibrin encapsulated tumor.

33. The use of claim 30, 31 or 32 wherein said f£ibrin-
specific monoclonal antibody is the monoclonal antibody of

c¢laim 26.

34, A fibrinogen-specific monoclonal antibody having the
identifying characteristics of the monoclonal antibody produced

by the hybridoma ATCC HB 9740.

35. Hybridoma cell line ATCC HB 9740.

36. In a method for immunoassay for the determination of
plasma fibrinogen levels in vitro compriszing contacting said
plasma fibrinogen with a monoclonal antibody, the improvement
comprising employing for said monoclonal antibody a fibrinogen-

specific monoclonal antibody of claim 34.

37. The method of claim 36 wherein said fibrinogen-
specific monoclonal antibody is a monoclonal antibody having
the identifying characteristics of the monoclonal antibody

produced by the hybridoma ATCC HB 9740.
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38. A method for production of polyclonal antibodies to

an antigen comprising immunizing an antigen-free animal with

said antigen to permit antibody producing cells to produce

antibodies to said antigen and separating serum, which contains

said polyclonal antibodies, from said animal.

39. The method of claim 38 wherein said antigen-free

animal is selected from the group consisting of a mouse, rat,

pig, guinea pig, poultry, a goat, a sheep, primate and a

rabbit.

40. The method of claim 39 wherein gaid antigen-free

animal is a mouse.

41. The method of claim 40 wherein said antigen-free

animal is a Balb/C mouse.
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